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RAPAMYCIN ANALOGSAS ANT-CANCER 
AGENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the priority of U.S. Ser. No. 
61/044,849, filed Apr. 14, 2008, the disclosure of which is 
incorporated by reference herein in its entirety. 

BACKGROUND 

0002 Rapamycin, also known as sirolimus, is a macrocy 
clic organic compound including an ester, i.e., a macrollide, 
originally isolated from Streptomyces hygroscopicus, and is 
known to have immunosuppressant and antiproliferative 
properties. The mode of action of sirolimus is believed to be 
binding of the protein FKBP12. The sirolimus-FKBP12 
complex is believed to inhibit the mTOR function, a serine/ 
threonine protein kinase activity, through directly binding the 
mTOR Complex 1 (mTORC1). 

SUMMARY 

0003. The present invention is directed to analogs and 
derivatives of the macrocyclic immunosuppressant rapamy 
cin, methods of preparation of these analogs and derivatives, 
and their use in the treatment of malconditions including 
various types of cancer. 
0004 Various embodiments of the invention provide a 
compound of formula (I): 

(I) 
ZO, 

0005 wherein Z comprises 
0006 (a) - C(O)NHS(O)N(R')(R), wherein R and R. 
are each independently H, alkyl, hydroxyalkyl, aminoalkyl, 
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein any het 
erocyclyl independently comprises 1-3 heteroatoms compris 
ing O, S, S(O), S(O), or N; or, R' and R together with a 
nitrogen atom to which they are bonded form a heterocycle 
ring which contains 0-3 additional heteroatoms comprising 
O, S, S(O), S(O), or N, wherein any alkyl, hydroxyalkyl, 
aminoalkyl, aryl, heteroaryl, heterocyclyl, or heterocycle ring 
formed by RandR together with a nitrogenatom is option 
ally independently mono- or pluri-substituted with alkyl, 
hydroxyalkyl, aminoalkyl, halogen, Oxo, OR, 
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NHCONRR, NRR, COR, COOR, OC(O)R, 
CONRR, OC(O)NR'R, N(R)C(O)R, S(O).R., S(O) 
OR, OP(=O)(OR)(OR), OP(=O)(OR)NR'R'', or 
P(OR)(NRR), or, when pluri-substituted, any combination 
thereof; 
10007 R’ independently at each occurrence is H, alkyl, 
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein any R 
except hydrogen is optionally independently mono- or pluri 
Substituted with alkyl, hydroxyalkyl, aminoalkyl, halogen, 
oxo, OR, NHCONRR, NRR, COR, COOR, OC(O)R, 
CONRR, OC(O)NR'R, N(R)C(O)R, S(O).R., S(O) 
OR, OP(=O)(OR)(OR), OP(=O)(OR)NR'R'', or 
P(OR)(NRR), or, when pluri-substituted, any combination 
thereof, and 
10008) R' and R independently at each occurrence is H. 
alkyl, hydroxyalkyl, aminoalkyl, cycloalkyl, heterocyclyl, 
aryl, or heteroaryl; or RandR together with a nitrogenatom 
to which they are bonded comprises a saturated 5-, 6-, or 
7-membered heterocyclic ring optionally comprising 0-3 
additional heteroatoms comprising N, S S(O), S(O) or O: 
wherein any alkyl, hydroxyalkyl, aminoalkyl, cycloalkyl, 
heterocyclyl, aryl, or heteroaryl, or heterocyclic ring formed 
by R and R together with a nitrogen atom, is optionally 
independently mono- or pluri-substituted with alkyl, 
hydroxyalkyl, aminoalkyl, halogen, Oxo, OR, 
NHCONRR, NRR, COR, COOR, OC(O)R, 
CONRR, OC(O)NR'R, N(R)C(O)R, S(O).R, S(O) 
OR, OP(=O)(OR)(OR), OP(=O)(OR)NR'R', or 
P(OR)(NRR), or, when pluri-substituted, any combination 
thereof; 
0009 or 
0010 (b) A-W CH (CH O), (CH(R)), . 
wherein 
10011 R is independently at each occurrence H or OR; 
00.12 m and n are each independently 0 to about 4: 
0013 W is a bond, C(O), C(O)C(O), S(O), S(O), P(O) 
OR, or P(O)NR'R'': 
0014. A comprises a saturated or unsaturated 5-, 6-, or 
7-membered heterocyclyl containing one or more of N, O, S, 
S(O) or S(O), wherein A is optionally independently mono 
or pluri-substituted with alkyl, hydroxyalkyl, aminoalkyl, 
halogen, oxo, OR, NHCONRR, NRR, COR, COOR, 
OC(O)R, CONRR, OC(O)NR'R, N(R)C(O)R, S(O) 
R, S(O), OR, OP(=O)(OR)(OR), OP(=O)(OR) 
NRR, or P(OR)(NRR), or, when pluri-substituted, any 
combination thereof; and wherein A is bonded in any chemi 
cally feasible manner to CH: 
I0015 R independently at each occurrence is H, alkyl, 
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein any R 
except hydrogen is optionally independently mono- or pluri 
Substituted with alkyl, hydroxyalkyl, aminoalkyl, halogen, 
oxo, OR, NHCONRR, NRR, COR, COOR, OC(O)R, 
CONRR, OC(O)NR'R, N(R)C(O)R, S(O).R., S(O) 
OR, OP(=O)(OR)(OR), OP(=O)(OR)NR'R'', or 
P(OR)(NRR), or, when pluri-substituted, any combination 
thereof, and 
10016) R' and R independently at each occurrence is H. 
alkyl, hydroxyalkyl, aminoalkyl, cycloalkyl, heterocyclyl, 
aryl, or heteroaryl; or Rand Rs together with a nitrogenatom 
to which they are bonded comprises a saturated 5-, 6- or 
7-membered heterocyclic ring comprising one or more of 
heteroatoms comprising N, S S(O), S(O) or O; wherein any 
alkyl, hydroxyalkyl, aminoalkyl, alkylaminoalkyl, oraryl, or 
heterocyclic ring comprising RandR together, is optionally 
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independently mono- or pluri-substituted with alkyl, 
hydroxyalkyl, aminoalkyl, halogen, oxo, OR, 
NHCONRR, NRR, COR, COOR, OC(O)R, 
CONRR, OC(O)NR'R, N(R)C(O)R, S(O).R., S(O) 
OR, OP(=O)(OR)(OR), OP(=O)(OR)NR'R'', or 
P(OR)(NRR), or, when pluri-substituted, any combination 
thereof 
0017 or 
0018 (c) X-(CH), YC(=O)(CH), , wherein 
0019 m and n are each independently 0 to about 2: 
0020 Y is NR', O, S, or a bond; 
0021 X comprises OR'', or NR'R'', wherein 
I0022 R'' is H, alkyl, cycloalkyl, heterocyclyl, aryl, or 
heteroaryl, wherein any R'' except hydrogen is optionally 
independently mono- or pluri-substituted with alkyl, 
hydroxyalkyl, aminoalkyl, halogen, OXO, OR', 
NHCONR'R's, NR'R's, COR, COOR1, OC(O)R', 
CONR'R's, OC(O)NR'R's, N(R')C(O)R', S(O).R., 
S(O).OR', OP(=O)(OR')(OR), OP(=O)(OR') 
NR'R'', or P(OR)(NR'R''), or, when pluri-substituted, 
any combination thereof; 
I0023) R' independently at each occurrence is H, alkyl, 
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein any R' 
except hydrogen is optionally independently mono- or pluri 
Substituted with alkyl, hydroxyalkyl, aminoalkyl, halogen, 
oxo, OR, NHCONR'R's, NR'R's, COR, COOR3, 
OC(O)R, CONR'R'', OC(O)NR'R'', N(R')C(O)R', 
S(O).R', S(O).OR, OP(=O)(OR)(OR), OP(=O) 
(OR')NR'R'', or P(OR)(NR'R''), or, when pluri-sub 
stituted, any combination thereof; 
I0024) R'' and R' independently at each occurrence is H. 
alkyl, hydroxyalkyl, aminoalkyl, cycloalkyl, heterocyclyl, 
aryl, or heteroaryl; or R'' and R' together with a nitrogen 
atom to which they are bonded comprises a saturated 5-, 6- or 
7-membered heterocyclic ring optionally comprising one or 
more additional heteroatoms comprising N, S S(O), S(O) or 
O; wherein any alkyl, hydroxyalkyl, aminoalkyl, alkylami 
noalkyl, or aryl, or heterocyclic ring comprising R'' and R' 
together with a nitrogen atom is optionally independently 
mono- or pluri-Substituted with alkyl, hydroxyalkyl, ami 
noalkyl, halogen, oxo, OR, NHCONR'R'', NR'R'', 
COR, COOR1, OC(O)R, CONR'R's, OC(O)NR'R'', 
N(R')C(O)R', S(O).R', S(O).OR', OP(=O)(OR) 
(OR), OP(O)(OR)NR'R'', or P(OR)(NR'R''), or, 
when pluri-substituted, any combination thereof; 
0025 or 
0026 (d) - X-A'-(CH), Y-Si(R’)(R)(R) 
0027 wherein X comprises ((CHR): 
I0028) R' is independently at each occurrence H, alkyl, 
hydroxyl, alkoxyl, or amino; 
0029 m and n are independently 0 to about 3: 
0030 Y is a bond, O(CH), NR''(CH), or S(CH), 
wherein r is 0 to about 3: 
0031 A' is a bond, O, NR'', S, cycloalkyl, or heterocy 
clyl; 
0032) R, R and R are each independently alkyl, 
hydroxyalkyl, aminoalkyl, alkoxy, cycloalkyl, heterocyclyl, 
aryl, or heteroaryl; 
0033 wherein any alkyl, cycloalkyl, heterocyclyl, alkoxy, 
aryl, or heteroaryl is optionally independently mono- or pluri 
Substituted with alkyl, hydroxyalkyl, aminoalkyl, halogen, 
oxo, OR, NHCONR'R's, NR'R'', COR, COOR, 
OC(O)R, CONR'R's, OC(O)NR'R's, N(R')C(O)R, 
S(O).R', S(O),OR', OP(=O)(OR')(OR), OP(=O) 
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(OR')NR'R'', or P(OR)(NR'R''), or, when pluri-sub 
stituted, any combination thereof; 
I0034) R' independently at each occurrence is H, alkyl, 
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein any R' 
except hydrogen is optionally independently mono- or pluri 
Substituted with alkyl, hydroxyalkyl, aminoalkyl, halogen, 
oxo, OR, NHCONR'R's, NR'R's, COR, COOR3, 
OC(O)R, CONR'R'', OC(O)NR'R'', N(R')C(O)R', 
S(O).R', S(O).OR, OP(=O)(OR')(OR), OP(=O) 
(OR')NR'R'', or P(OR)(NR'R''), or, when pluri-sub 
stituted, any combination thereof; 
0035) R'' and R' independently at each occurrence is H, 
alkyl, hydroxyalkyl, aminoalkyl, cycloalkyl, heterocyclyl, 
aryl, or heteroaryl; or R'' and R' together with a nitrogen 
atom to which they are bonded comprises a saturated 5-, 6- or 
7-membered heterocyclic ring optionally comprising one or 
more additional heteroatoms comprising N, S S(O), S(O) or 
O; wherein any alkyl, hydroxyalkyl, aminoalkyl, alkylami 
noalkyl, or aryl, or heterocyclic ring comprising R'' and R' 
together with a nitrogen atom is optionally independently 
mono- or pluri-Substituted with alkyl, hydroxyalkyl, ami 
noalkyl, halogen, oxo, OR, NHCONR'R'', NR'R'', 
COR, COOR1, OC(O)R, CONR'R's, OC(O)NR'R'', 
N(R')C(O)R', S(O).R', S(O).OR', OP(=O)(OR) 
(OR), OP(O)(OR)NR'R'', or P(OR)(NR'R''), or, 
when pluri-substituted, any combination thereof. 
0036. In various embodiments, pharmaceutical composi 
tions comprising an effective amount of a compound of the 
invention and a pharmaceutically acceptable excipient are 
provided. 
0037. In various embodiments, pharmaceutical combina 
tions comprising an effective amount of a compound of the 
invention and an effective amount of a second medicament 
are provided. 
0038. In various embodiments, pharmaceutical composi 
tions comprising an effective amount of a compound of the 
invention, an effective amount of a second medicament, and a 
suitable excipient are provided. 
0039. In various embodiments, the invention provides a 
method of inhibiting the mTOR function of FKBP compris 
ing contacting FKBP and an effective amount of the com 
pound of the invention. 
0040. In various embodiments, the invention provides a 
method of treating a malcondition wherein binding of a 
ligand to FKBP or inhibition of the mTOR function of FKBP. 
or both, is medically indicated, comprising administering the 
compound, composition, or combination of the invention to 
the patient in a dose, at a frequency of administration and for 
a duration of time sufficient to provide a beneficial effect to 
the patient. 

DETAILED DESCRIPTION 

0041. The term “treatment is defined as the management 
and care of a patient for the purpose of combating the disease, 
condition, or disorder, for example one of the many types of 
conditions collectively referred to as “cancer', and includes 
administering a compound of the present invention to prevent 
the onset of the symptoms or complications, or alleviating the 
symptoms or complications, or eliminating the disease, con 
dition, or disorder. 
0042. As the term is used herein, “cancer refers to solid 
tumors, hematopoietic malignancies, neoplasms, hyperpla 
sias, malignant growths, and the like. 
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0043 “FKBP as the term is used herein refers to an 
FK506 Binding Protein. One bioactivity of FKBP is the 
“mTOR'', or “mammalian target of rapamycin, function, a 
serine/threonine protein kinase activity, as the term is used 
herein. Rapamycin is known to bind to FKBP and to inhibit 
this enzymatic activity, which is believed to be responsible at 
least in part for rapamycin's immunosuppressant and antipro 
liferative bioactivities. 
0044 "Treating within the context of the instant inven 
tion means an alleviation of symptoms associated with a 
disorder or disease, or inhibition of further progression or 
worsening of those symptoms, or prevention or prophylaxis 
of the disease or disorder. Thus, treating a type of cancer 
includes slowing, halting or reversing the growth of the neo 
plasm and/or the control, alleviation or prevention of symp 
toms of the infection. Similarly, as used herein, an “effective 
amount’ or a “therapeutically effective amount of a com 
pound of the invention refers to an amount of the compound 
that alleviates, in whole or in part, symptoms associated with 
the disorder or condition, or halts or slows further progression 
or worsening of those symptoms, or prevents or provides 
prophylaxis for the disorder or condition. In particular, a 
“therapeutically effective amount” refers to an amount effec 
tive, at dosages and for periods of time necessary, to achieve 
the desired therapeutic result by inhibition of FKBP mTOR 
activity. A therapeutically effective amount is also one in 
which any toxic or detrimental effects of compounds of the 
invention are outweighed by the therapeutically beneficial 
effects. For example, in the context of treating malconditions 
Such as neoplasms or hyperproliferative diseases, a therapeu 
tically effective amount of a FKBP mTOR inhibitor of the 
invention is an amount sufficient to exerta beneficial effect on 
the malcondition. 
0045. By “chemically feasible' is meant a bonding 
arrangement or a compound where the generally understood 
rules of organic structure are not violated; for example a 
structure within a definition of a claim that would contain in 
certain situations a pentavalent carbon atom that would not 
existin nature would be understood to not be within the claim. 
0046 When a substituent is specified to be an atom or 
atoms of specified identity, "or a bond', a configuration is 
referred to when the substituent is “a bond that the groups 
that are immediately adjacent to the specified Substituent are 
directly connected to each other by a chemically feasible 
bonding configuration. 
0047 All chiral, diastereomeric, racemic forms of a struc 
ture are intended, unless a particular stereochemistry or iso 
meric form is specifically indicated. Compounds used in the 
present invention can include enriched or resolved optical 
isomers at any or all asymmetric atoms as are apparent from 
the depictions, at any degree of enrichment. Both racemic and 
diastereomeric mixtures, as well as the individual optical 
isomers can be isolated or synthesized so as to be substan 
tially free of their enantiomeric or diastereomeric partners, 
and these are all within the scope of the invention. 
0048. The term "amino protecting group' or “N-pro 
tected as used herein refers to those groups intended to 
protect an amino group against undesirable reactions during 
synthetic procedures and which can later be removed to reveal 
the amine. Commonly used amino protecting groups are dis 
closed in Protective Groups in Organic Synthesis, Greene, T. 
W.; Wuts, P. G. M., John Wiley & Sons, New York, N.Y., (3rd 
Edition, 1999). Amino protecting groups include acyl groups 
Such as formyl, acetyl, propionyl, pivaloyl, t-butylacetyl, 
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2-chloroacetyl, 2-bromoacetyl, trifluoroacetyl, trichloro 
acetyl, o-nitrophenoxyacetyl, C-chlorobutyryl, benzoyl, 
4-chlorobenzoyl, 4-bromobenzoyl, 4-nitrobenzoyl, and the 
like: Sulfonyl groups such as benzenesulfonyl, p-toluene 
sulfonyl and the like: 
0049 alkoxy- or aryloxy-carbonyl groups (which form 
urethanes with the protected amine) Such as benzyloxycar 
bonyl (Cbz), p-chlorobenzyloxycarbonyl, p-methoxyben 
Zyloxycarbonyl, p-nitrobenzyloxycarbonyl 2-nitrobenzy 
loxycarbonyl, p-bromobenzyloxycarbonyl, 3,4- 
dimethoxybenzyloxycarbonyl, 3,5- 
dimethoxybenzyloxycarbonyl, 2,4- 
dimethoxybenzyloxycarbonyl, 
4-methoxybenzyloxycarbonyl, 2-nitro-4,5-dimethoxy 
benzyloxycarbonyl, 3,4,5-trimethoxybenzyloxycarbonyl, 
1-(p-biphenylyl)-1-methylethoxycarbonyl, O.C.-dimethyl 
3,5-dimethoxybenzyloxycarbonyl, benzhydryloxycarbo 
nyl, t-butyloxycarbonyl (Boc), diisopropylmethoxycarbo 
nyl, isopropyloxycarbonyl, ethoxycarbonyl, 
methoxycarbonyl, allyloxycarbonyl (Alloc), 2.2.2-trichlo 
roethoxycarbonyl, 2-trimethylsilylethyloxycarbonyl 
(Teoc), phenoxycarbonyl, 4-nitrophenoxycarbonyl, fluo 
renyl-9-methoxycarbonyl (Fmoc), cyclopentyloxycarbo 
nyl, adamantyloxycarbonyl, cyclohexyloxycarbonyl, phe 
nylthiocarbonyl and the like; aralkyl groups such as benzyl, 
triphenylmethyl, benzyloxymethyl and the like; and silyl 
groups such as trimethylsilyl and the like. Amine protect 
ing groups also include cyclic amino protecting groups 
such as phthaloyl and dithiosuccinimidyl, which incorpo 
rate the amino nitrogen into a heterocycle. Typically, 
amino protecting groups include formyl, acetyl, benzoyl, 
pivaloyl, t-butylacetyl, phenylsulfonyl, Alloc, Teoc, ben 
Zyl. Fmoc, Boc and Cbz. It is well within the skill of the 
ordinary artisan to select and use the appropriate amino 
protecting group for the synthetic task at hand. 

0050. The term “hydroxyl protecting group' or “O-pro 
tected as used herein refers to those groups intended to 
protect an OH group against undesirable reactions during 
synthetic procedures and which can later be removed to reveal 
the amine. Commonly used hydroxyl protecting groups are 
disclosed in Protective Groups in Organic Synthesis, Greene, 
T. W.; Wuts, P. G. M., John Wiley & Sons, New York, N.Y., 
(3rd Edition, 1999). Hydroxyl protecting groups include acyl 
groups such as formyl, acetyl, propionyl, pivaloyl, t-buty 
lacetyl, 2-chloroacetyl, 2-bromoacetyl, trifluoroacetyl, 
trichloroacetyl, o-nitrophenoxyacetyl, C-chlorobutyryl, ben 
Zoyl, 4-chlorobenzoyl, 4-bromobenzoyl, 4-nitrobenzoyl, and 
the like; Sulfonyl groups such as benzenesulfonyl, p-toluene 
Sulfonyl and the like; acyloxy groups (which form urethanes 
with the protected amine) such as benzyloxycarbonyl (Cbz), 
p-chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl, 
p-nitrobenzyloxycarbonyl, 2-nitrobenzyloxycarbonyl, 
p-bromobenzyloxycarbonyl, 3,4-dimethoxybenzyloxycar 
bonyl, 3,5-dimethoxybenzyloxycarbonyl, 2,4-dimethoxy 
benzyloxycarbonyl, 4-methoxybenzyloxycarbonyl 2-nitro 
4,5-dimethoxybenzyloxycarbonyl, 3,4,5- 
trimethoxybenzyloxycarbonyl, 1-(p-biphenylyl)-1- 
methylethoxycarbonyl, O.C.-dimethyl-3,5- 
dimethoxybenzyloxycarbonyl, benzhydryloxycarbonyl, 
t-butyloxycarbonyl (Boc), diisopropylmethoxycarbonyl, iso 
propyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl, ally 
loxycarbonyl (Alloc), 2.2.2-trichloroethoxycarbonyl, 2-trim 
ethylsilylethyloxycarbonyl (Teoc), phenoxycarbonyl, 
4-nitrophenoxycarbonyl, fluorenyl-9-methoxycarbonyl 
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(Fmoc), cyclopentyloxycarbonyl, adamantyloxycarbonyl, 
cyclohexyloxycarbonyl, phenylthiocarbonyl and the like: 
aralkyl groups such as benzyl, triphenylmethyl, benzyloxym 
ethyl and the like; and silyl groups such as trimethylsilyl and 
the like. It is well within the skill of the ordinary artisan to 
select and use the appropriate hydroxyl protecting group for 
the synthetic task at hand. 
0051. In general, “substituted” refers to an organic group 
as defined herein in which one or more bonds to a hydrogen 
atom contained therein are replaced by one or more bonds to 
a non-hydrogen atom such as, but not limited to, a halogen 
(i.e., F. Cl, Br, and I); an oxygen atom in groups such as 
hydroxyl groups, alkoxy groups, aryloxy groups, aralkyloxy 
groups, OXO(carbonyl) groups, carboxyl groups including 
carboxylic acids, carboxylates, and carboyXlate esters; a Sul 
fur atom in groups such as thiol groups, alkyl and aryl Sulfide 
groups, Sulfoxide groups, Sulfone groups, Sulfonyl groups, 
and Sulfonamide groups; a nitrogen atom in groups such as 
amines, hydroxylamines, nitriles, nitro groups, N-oxides, 
hydrazides, azides, and enamines; and other heteroatoms in 
various other groups. Non-limiting examples of Substituents 
that can be bonded to a substituted carbon (or other) atom 
include F, Cl, Br, I, OR, OC(O)N(R'), CN, CFOCF, R', O, 
S. C(O), S(O), methylenedioxy, ethylenedioxy, N(R), SR, 
SOR', SOR', SON(R), SOR', C(O)R', C(O)C(O)R’, C(O) 
CHC(O)R’, C(S)R’, C(O)CR', OC(O)R’, C(O)N(R'), 
OC(O)N(R'), C(S)N(R') (CH), NHC(O)R', N(R')N(R') 
C(O)R', N(R)N(R)C(O)OR, N(R)N(R)CON(R), N(R) 
SOR, N(R)SON(R), N(R)C(O)OR, N(R')C(O)R', N(R) 
C(S)R', N(R)C(O)N(R), N(R)C(S)N(R), N(COR)COR', 
N(OR)R, C(-NH)N(R), C(O)N(OR)R’, or C(-NOR)R’ 
wherein R' can be hydrogen or a carbon-based moiety, and 
wherein the carbon-based moiety can itself be further substi 
tuted. 

0052 Substituted alkyl, alkenyl, alkynyl, cycloalkyl, and 
cycloalkenyl groups as well as other Substituted groups also 
include groups in which one or more bonds to a hydrogen 
atom are replaced by one or more bonds, including double or 
triple bonds, to a carbonatom, or to a heteroatom Such as, but 
not limited to, oxygen in carbonyl (Oxo), carboxyl, ester, 
amide, imide, urethane, and urea groups; and nitrogen in 
imines, hydroxyimines, oximes, hydrazones, amidines, 
guanidines, and nitriles. 
0053 Substituted ring groups such as substituted 
cycloalkyl, aryl, heterocyclyl and heteroaryl groups also 
include rings and fused ring systems in which a bond to a 
hydrogen atom is replaced with a bond to a carbon atom. 
Therefore, substituted cycloalkyl, aryl, heterocyclyl and het 
eroaryl groups can also be substituted with alkyl, alkenyl, and 
alkynyl groups as defined herein. 
0054 Alkyl groups include straight chain and branched 
alkyl groups and cycloalkyl groups having from 1 to about 20 
carbon atoms, and typically from 1 to 12 carbons or, in some 
embodiments, from 1 to 8 carbonatoms. Examples of straight 
chain alkyl groups include those with from 1 to 8 carbon 
atoms such as methyl, ethyl, n-propyl. n-butyl, n-pentyl, 
n-hexyl, n-heptyl, and n-octyl groups. Examples of branched 
alkyl groups include, but are not limited to, isopropyl, iso 
butyl, sec-butyl, t-butyl, neopentyl, isopentyl, and 2.2-dim 
ethylpropyl groups. Representative Substituted alkyl groups 
can be substituted one or more times with any of the groups 
listed above, for example, amino, hydroxy, cyano, carboxy, 
nitro, thio, alkoxy, and halogen groups. 
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0055 Cycloalkyl groups are cyclic alkyl groups such as, 
but not limited to, cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cycloheptyl, and cyclooctyl groups. In some 
embodiments, the cycloalkyl group has 3 to 8 ring members, 
whereas in other embodiments the number of ring carbon 
atoms range from 3 to 5, 6, or 7. Cycloalkyl groups further 
include polycyclic cycloalkyl groups such as, but not limited 
to, norbornyl, adamantyl, bornyl, camphenyl, isocamphenyl, 
and carenyl groups, and fused rings such as, but not limited to, 
decalinyl, and the like. Cycloalkyl groups also include rings 
that are substituted with straight or branched chain alkyl 
groups as defined above. Representative Substituted 
cycloalkyl groups can be mono-Substituted or Substituted 
more than once, such as, but not limited to, 2.2-, 2.3-, 2.4-2.5- 
or 2,6-disubstituted cyclohexyl groups or mono-, di- or tri 
Substituted norbornyl or cycloheptyl groups, which can be 
Substituted with, for example, amino, hydroxy, cyano, car 
boxy, nitro, thio, alkoxy, and halogen groups. The term 
“cycloalkenyl alone or in combination denotes a cyclic alk 
enyl group. 
0056. The terms “carbocyclic” and “carbocycle” denote a 
ring structure wherein the atoms of the ring are carbon. In 
Some embodiments, the carbocycle has 3 to 8 ring members, 
whereas in other embodiments the number of ring carbon 
atoms is 4, 5, 6, or 7. Unless specifically indicated to the 
contrary, the carbocyclic ring can be substituted with as many 
as N-1 substituents wherein N is the size of the carbocyclic 
ring with, for example, alkyl, alkenyl, alkynyl, amino, aryl, 
hydroxy, cyano, carboxy, heteroaryl, heterocyclyl. nitro, thio. 
alkoxy, and halogen groups, or other groups as are listed 
above. 
0057 (Cycloalkyl)alkyl groups, also denoted cycloalkyla 
lkyl, are alkyl groups as defined above in which a hydrogen or 
carbon bond of the alkyl group is replaced with a bond to a 
cycloalkyl group as defined above. 
0.058 Alkenyl groups include straight and branched chain 
and cyclic alkyl groups as defined above, except that at least 
one double bond exists between two carbon atoms. Thus, 
alkenyl groups have from 2 to about 20 carbon atoms, and 
typically from 2 to 12 carbons or, in some embodiments, from 
2 to 8 carbonatoms. Examples include, but are not limited to 
vinyl, -CH=CH(CH), -CH=C(CH), —C(CH) 
—CH, C(CH)—CH(CH), —C(CHCH)—CH, 
cyclohexenyl, cyclopentenyl, cyclohexadienyl, butadienyl, 
pentadienyl, and hexadienyl among others. 
0059 Cycloalkenyl groups include cycloalkyl groups 
having at least one double bond between 2 carbons. Thus for 
example, cycloalkenyl groups include but are not limited to 
cyclohexenyl, cyclopentenyl, and cyclohexadienyl groups. 
0060 (Cycloalkenyl)alkyl groups are alkyl groups as 
defined above in which a hydrogen or carbonbond of the alkyl 
group is replaced with a bond to a cycloalkenyl group as 
defined above. 
0061 Alkynyl groups include straight and branched chain 
alkyl groups, except that at least one triple bond exists 
between two carbonatoms. Thus, alkynyl groups have from 2 
to about 20 carbon atoms, and typically from 2 to 12 carbons 
or, in Some embodiments, from 2 to 8 carbon atoms. 
Examples include, but are not limited to —C=CH, —C=C 
(CH), -C=C(CHCH), —CHC=CH, -CHC=C 
(CH), and —CH2C=C(CH2CH) among others. 
0062) Aryl groups are cyclic aromatic hydrocarbons that 
do not contain heteroatoms. Thus aryl groups include, but are 
not limited to, phenyl, azulenyl, heptalenyl, biphenyl, indace 
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nyl, fluorenyl, phenanthrenyl, triphenylenyl, pyrenyl, naph 
thacenyl, chrysenyl, biphenylenyl, anthracenyl, and naphthyl 
groups. In some embodiments, aryl groups contain 6-14 car 
bons in the ring portions of the groups. Aryl groups can be 
unsubstituted or substituted, as defined above. Representative 
Substituted aryl groups can be mono-Substituted or Substi 
tuted more than once, such as, but not limited to, 2-, 3-, 4-, 5-, 
or 6-substituted phenyl or 2-8 substituted naphthyl groups, 
which can be substituted with carbon or non-carbon groups 
such as those listed above. 

0063 Aralkyl groups are alkyl groups as defined above in 
which a hydrogen or carbon bond of an alkyl group is 
replaced with a bond to an aryl group as defined above. 
Representative aralkyl groups include benzyl and phenyl 
ethyl groups and fused (cycloalkylaryl)alkyl groups such as 
4-ethyl-indanyl. Aralkenyl group are alkenyl groups as 
defined above in which a hydrogen or carbon bond of an alkyl 
group is replaced with a bond to an aryl group as defined 
above. 

0064 Heterocyclyl groups include aromatic and non-aro 
matic ring compounds containing 3 or more ring members, of 
which, one or more is a heteroatom Such as, but not limited to, 
N, O, and S. In some embodiments, heterocyclyl groups 
include 3 to 20 ring members, whereas other such groups have 
3 to 15 ring members. A heterocyclyl group designated as a 
C-heterocyclyl can be a 5-ring with two carbon atoms and 
three heteroatoms, a 6-ring with two carbon atoms and four 
heteroatoms and so forth. Likewise a C-heterocyclyl can be 
a 5-ring with one heteroatom, a 6-ring with two heteroatoms, 
and so forth. The number of carbonatoms plus the number of 
heteroatoms Sums up to equal the total number of ring atoms. 
The phrase "heterocyclyl group' or "heterocycle includes 
fused ring species including those comprising fused aromatic 
and non-aromatic groups. For example, a dioxolanyl ring and 
a benzdioxolanyl ring system (methylenedioxyphenyl ring 
system) are both heterocyclyl groups within the meaning 
herein. The phrase also includes polycyclic ring systems con 
taining a heteroatom Such as, but not limited to, quinuclidyl. 
Heterocyclyl groups can be unsubstituted, or can be substi 
tuted as discussed above. Heterocyclyl groups include, but 
are not limited to, pyrrolidinyl, piperidinyl, piperazinyl, mor 
pholinyl, pyrrolyl pyrazolyl, triazolyl, tetrazolyl, oxazolyl, 
isoxazolyl, thiazolyl pyridinyl, thiophenyl, benzothiophe 
nyl, benzofuranyl, dihydrobenzofuranyl, indolyl, dihydroin 
dolyl azaindolyl, indazolyl, benzimidazolyl, aZabenzimida 
Zolyl, benzoxazolyl, benzothiazolyl, benzothiadiazolyl, 
imidazopyridinyl, isoxazolopyridinyl, thianaphthalenyl, 
purinyl, Xanthinyl, adeninyl, guaninyl, quinolinyl, isoquino 
linyl, tetrahydroquinolinyl, quinoxalinyl, and quinazolinyl 
groups. Representative Substituted heterocyclyl groups can 
be mono-Substituted or Substituted more than once, such as, 
but not limited to, piperidinyl or quinolinyl groups, which are 
2-, 3-, 4-, 5-, or 6-substituted, or disubstituted with groups 
such as those listed above. 
0065 Heteroaryl groups are aromatic ring compounds 
containing 5 or more ring members, of which, one or more is 
a heteroatom such as, but not limited to, N, O, and S. A 
heteroaryl group designated as a C-heteroaryl can be a 5-ring 
with two carbon atoms and three heteroatoms, a 6-ring with 
two carbon atoms and four heteroatoms and so forth. Like 
wise a C-heteroaryl can be a 5-ring with one heteroatom, a 
6-ring with two heteroatoms, and so forth. The number of 
carbon atoms plus the number of heteroatoms Sums up to 
equal the total number of ring atoms. Heteroaryl groups 
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include, but are not limited to, groups such as pyrrolyl pyra 
Zolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, thiazolyl, 
pyridinyl, thiophenyl, benzothiophenyl, benzofuranyl. 
indolyl azaindolyl, indazolyl, benzimidazolyl, aZabenzimi 
dazolyl, benzoxazolyl, benzothiazolyl, benzothiadiazolyl, 
imidazopyridinyl, isoxazolopyridinyl, thianaphthalenyl, 
purinyl, Xanthinyl, adeninyl, guaninyl, quinolinyl, isoquino 
linyl, tetrahydroquinolinyl, quinoxalinyl, and quinazolinyl 
groups. Heteroaryl groups can be unsubstituted, or can be 
Substituted with groups as is discussed above. Representative 
Substituted heteroaryl groups can be substituted one or more 
times with groups such as those listed above. 
0066. Additional examples of aryland heteroaryl groups 
includebut are not limited to phenyl, biphenyl, indenyl, naph 
thyl (1-naphthyl 2-naphthyl), N-hydroxytetrazolyl, N-hy 
droxytriazolyl. N-hydroxyimidazolyl, anthracenyl (1-anthra 
cenyl, 2-anthracenyl, 3-anthracenyl), thiophenyl (2-thienyl, 
3-thienyl), furyl (2-furyl, 3-furyl), indolyl, oxadiazolyl, isox 
azolyl, quinazolinyl, fluorenyl, Xanthenyl, isolindanyl, ben 
Zhydryl, acridinyl, thiazolyl, pyrrolyl (2-pyrrolyl), pyrazolyl 
(3-pyrazolyl), imidazolyl (1-imidazolyl, 2-imidazolyl, 4-imi 
dazolyl, 5-imidazolyl), triazolyl (1,2,3-triazol-1-yl, 1,2,3- 
triazol-2-yl 12,3-triazol-4-yl, 1,2,4-triazol-3-yl), oxazolyl 
(2-oxazolyl, 4-oxazolyl, 5-oxazolyl), thiazolyl (2-thiazolyl, 
4-thiazolyl, 5-thiazolyl), pyridyl (2-pyridyl, 3-pyridyl, 4-py 
ridyl), pyrimidinyl (2-pyrimidinyl, 4-pyrimidinyl, 5-pyrim 
idinyl, 6-pyrimidinyl), pyrazinyl, pyridazinyl (3-pyridazinyl, 
4-pyridazinyl, 5-pyridazinyl), quinolyl (2-quinolyl, 
3-quinolyl, 4-quinolyl, 5-quinolyl, 6-quinolyl, 7-quinolyl, 
8-quinolyl), isoquinolyl (1-isoquinolyl, 3-isoquinolyl, 4-iso 
quinolyl, 5-isoquinolyl, 6-isoquinolyl, 7-isoquinolyl, 8-iso 
quinolyl), benzobfuranyl (2-benzobfuranyl, 3-benzob. 
furanyl, 4-benzobfuranyl, 5-benzobfuranyl, 6-benzob. 
furanyl, 7-benzobfuranyl), 2,3-dihydro-benzobfuranyl 
(2-(2,3-dihydro-benzobfuranyl), 3-(2,3-dihydro-benzob 
furanyl), 4-(2,3-dihydro-benzobfuranyl), 5-(2,3-dihydro 
benzobfuranyl), 6-(2,3-dihydro-benzobfuranyl), 7-(2,3- 
dihydro-benzobfuranyl), benzobthiophenyl (2-benzob. 
thiophenyl, 3-benzobthiophenyl, 4-benzobthiophenyl, 
5-benzobthiophenyl, 6-benzobthiophenyl, 7-benzob 
thiophenyl), 2,3-dihydro-benzobthiophenyl, (2-(2,3-dihy 
dro-benzobthiophenyl), 3-(2,3-dihydro-benzobthiophe 
nyl), 4-(2,3-dihydro-benzobthiophenyl), 5-(2,3-dihydro 
benzobthiophenyl), 6-(2,3-dihydro-benzobthiophenyl), 
7-(2,3-dihydro-benzobthiophenyl), indolyl (1-indolyl, 
2-indolyl, 3-indolyl, 4-indolyl, 5-indolyl, 6-indolyl, 7-in 
dolyl), indazole (1-indazolyl, 3-indazolyl, 4-indazolyl, 5-in 
dazolyl, 6-indazolyl, 7-indazolyl), benzimidazolyl (1-benz 
imidazolyl, 2-benzimidazolyl, 4-benzimidazolyl, 
5-benzimidazolyl, 6-benzimidazolyl, 7-benzimidazolyl, 
8-benzimidazolyl), benzoxazolyl (1-benzoxazolyl, 2-ben 
Zoxazolyl), benzothiazolyl (1-benzothiazolyl, 2-benzothiaz 
olyl, 4-benzothiazolyl, 5-benzothiazolyl, 6-benzothiazolyl, 
7-benzothiazolyl), carbazolyl (1-carbazolyl, 2-carbazolyl, 
3-carbazolyl, 4-carbazolyl), 5H-dibenzb.fazepine (5H 
dibenzb.fazepin-1-yl, 5H-dibenzb.fazepine-2-yl, 
5H-dibenzb.fazepine-3-yl, 5H-dibenzb.fazepine-4-yl, 
5H-dibenzb.fazepine-5-yl), 10,11-dihydro-5H-dibenzb.f. 
azepine (10,11-dihydro-5H-dibenzb.fazepine-1-yl, 10.11 
dihydro-5H-dibenzb.fazepine-2-yl, 10,11-dihydro-5H 
dibenzb.fazepine-3-yl, 10,11-dihydro-5H-dibenzb.f. 
azepine-4-yl, 10,11-dihydro-5H-dibenzb.fazepine-5-yl), 
and the like. 
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0067. Heterocyclylalkyl groups are alkyl groups as 
defined above in which a hydrogen or carbon bond of an alkyl 
group is replaced with a bond to a heterocyclyl group as 
defined above. Representative heterocyclyl alkyl groups 
include, but are not limited to, furan-2-yl methyl, furan-3-yl 
methyl, pyridine-3-yl methyl, tetrahydrofuran-2-yl ethyl, and 
indol-2-yl propyl. 
0068. Heteroarylalkyl groups are alkyl groups as defined 
above in which a hydrogen or carbon bond of an alkyl group 
is replaced with a bond to a heteroaryl group as defined above. 
0069. The term “alkoxy' refers to an oxygen atom con 
nected to an alkyl group, including a cycloalkyl group, as are 
defined above. Examples of linear alkoxy groups include but 
are not limited to methoxy, ethoxy, propoxy, butoxy, penty 
loxy, hexyloxy, and the like. Examples of branched alkoxy 
include but are not limited to isopropoxy, sec-butoxy, tert 
butoxy, isopentyloxy, isohexyloxy, and the like. Examples of 
cyclic alkoxy include but are not limited to cyclopropyloxy, 
cyclobutyloxy, cyclopentyloxy, cyclohexyloxy, and the like. 
0070 “Halo as the term is used herein includes fluoro, 
chloro, bromo, and iodo. A "haloalkyl group includes mono 
halo alkyl groups, and poly-halo alkyl groups wherein all halo 
atoms can be the same or different. Examples of haloalkyl 
include trifluoromethyl, 1,1-dichloroethyl, 1,2-dichloroet 
hyl, 1,3-dibromo-3,3-difluoropropyl and the like. 
(0071. The terms “aryloxy” and “arylalkoxy” refer to, 
respectively, an aryl group bonded to an oxygen atom and an 
aralkyl group bonded to the oxygenatom at the alkyl moeity. 
Examples include but are not limited to phenoxy, naphthy 
loxy, and benzyloxy. 
0072 An “acyl group as the term is used herein refers to 
a group containing a carbonyl moiety wherein the group is 
bonded via the carbonyl carbon atom. The carbonyl carbon 
atom is also bonded to another carbonatom, which can be part 
of an alkyl, aryl, aralkyl cycloalkyl, cycloalkylalkyl, hetero 
cyclyl, heterocyclylalkyl, heteroaryl, heteroarylalkyl group 
or the like. In the special case wherein the carbonyl carbon 
atom is bonded to a hydrogen, the group is a “formyl group, 
an acyl group as the term is defined herein. Other examples 
include acetyl, benzoyl phenylacetyl, pyridylacetyl, cin 
namoyl, and acryloyl groups and the like. When the group 
containing the carbon atom that is bonded to the carbonyl 
carbonatom contains a halogen, the group is termed a "haloa 
cyl group. An example is a trifluoroacetyl group. 
0073. The term "amine' includes primary, secondary, and 

tertiary amines having, e.g., the formula N(group) wherein 
each group can independently be H or non-H. Such as alkyl, 
aryl, and the like. Amines include but are not limited to 
R-NH2, alkylamines, arylamines, alkylarylamines, RNH 
wherein each R is independently selected, such as dialky 
lamines, diarylamines, aralkylamines, heterocyclylamines 
and the like, and R3N wherein each R is independently 
selected, such as trialkylamines, dialkylarylamines, alkyl 
diarylamines, triarylamines, and the like. An 'amino' group 
is a substituent of the form —NH, -NHR, NR, NR", 
wherein each R is independently selected, and protonated 
forms of each. The term "amine” also includes ammonium 
ions as used herein. 

0.074 An "ammonium ion includes the unsubstituted 
ammonium ion NH", but unless otherwise specified, it also 
includes any protonated or quaternarized forms of amines. 
Thus, trimethylammonium hydrochloride and tetramethy 
lammonium chloride are both ammonium ions, and amines, 
within the meaning herein. 
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(0075. The term “amide' (or "amido') includes C- and 
N-amide groups, i.e., —C(O)NR, and NRC(O)R groups, 
respectively. Amide groups therefore include but are not lim 
ited to carbamoyl groups ( C(O)NH2) and formamide 
groups ( NHC(O)H). 
(0076. The term “urethane” (or “carbamyl”) includes N 
and O-urethane groups, i.e., NRC(O)OR and —OC(O) 
NR groups, respectively. 
(0077. The term “sulfonamide' (or “sulfonamido') 
includes S- and N-sulfonamide groups, i.e., -SO2NR2 and 
—NRSOR groups, respectively. Sulfonamide groups there 
fore include but are not limited to sulfamoyl groups 
(—SONH2). An organosulfur structure represented by the 
formula —S(O) (NR)— is understood to refer to a sulfox 
imine, wherein both the oxygen and the nitrogen atoms are 
bonded to the sulfur atom, which is also bonded to two carbon 
atOmS. 
0078. The term "amidine' or "amidino includes groups 
of the formula—C(NR)NR. Typically, an amidino group is 
C(NH)NH. 

007.9 The term “guanidine' or "guanidino' includes 
groups of the formula - NRC(NR)NR. Typically, a guani 
dino group is —NHC(NH)NH2. 
0080. In addition, where features or aspects of the inven 
tion are described in terms of Markush groups, those skilled 
in the art will recognize that the invention is also thereby 
described in terms of any individual member or subgroup of 
members of the Markush group. For example, if X is 
described as selected from the group consisting of bromine, 
chlorine, and iodine, claims for X being bromine and claims 
for X being bromine and chlorine are fully described. More 
over, where features or aspects of the invention are described 
in terms of Markush groups, those skilled in the art will 
recognize that the invention is also thereby described interms 
of any combination of individual members or Subgroups of 
members of Markush groups. Thus, for example, if X is 
described as selected from the group consisting of bromine, 
chlorine, and iodine, and Y is described as selected from the 
group consisting of methyl, ethyl, and propyl, claims for X 
being bromine and Y being methyl are fully described. 
I0081. In various embodiments, the compound or set of 
compounds, such as are used in the inventive methods, can be 
any one of any of the combinations and/or sub-combinations 
of the above-listed embodiments. 
0082 Various embodiments of the invention include com 
pounds of formula (I): 

(I)   
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wherein a derivative is formed by bonding of a chemical 
group to the carbon-42 hydroxyl group, that is, the carbon 
atom bearing OZ in the above structure as indicated by the 
number “42. 
0083. For example, Z can be a group of the formula 
—C(O)NHS(O)N(R')(R), wherein R' and R are each 
independently H, alkyl, hydroxyalkyl, aminoalkyl, 
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein any het 
erocyclyl independently comprises 1-3 heteroatoms compris 
ing O, S, S(O), S(O), or N; or, R' and R together with a 
nitrogen atom to which they are bonded form a heterocycle 
ring which contains 0-3 additional heteroatoms comprising 
O, S, S(O), S(O), or N, wherein any alkyl, hydroxyalkyl, 
aminoalkyl, aryl, heteroaryl, heterocyclyl, or heterocycle ring 
formed by RandR together with a nitrogenatom is option 
ally independently mono- or pluri-substituted with alkyl, 
hydroxyalkyl, aminoalkyl, halogen, Oxo, OR, 
NHCONRR, NRR, COR, COOR, OC(O)R, 
CONRR, OC(O)NR'R, N(R)C(O)R, S(O).R., S(O) 
OR, OP(=O)(OR)(OR), OP(=O)(OR)NR'R'', or 
P(OR)(NRR), or, when pluri-substituted, any combination 
thereof 
I0084) R' independently at each occurrence is H, alkyl, 
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein any R 
except hydrogen is optionally independently mono- or pluri 
Substituted with alkyl, hydroxyalkyl, aminoalkyl, halogen, 
oxo, OR, NHCONRR, NRR, COR, COOR, OC(O)R, 
CONRR, OC(O)NR'R, N(R)C(O)R, S(O).R., S(O) 
OR, OP(=O)(OR)(OR), OP(=O)(OR)NR'R'', or 
P(OR)(NRR), or, when pluri-substituted, any combination 
thereof, and 
0085) R' and R independently at each occurrence is H, 
alkyl, hydroxyalkyl, aminoalkyl, cycloalkyl, heterocyclyl, 
aryl, or heteroaryl; or RandR together with a nitrogenatom 
to which they are bonded comprises a saturated 5-, 6-, or 
7-membered heterocyclic ring optionally comprising 0-3 
additional heteroatoms comprising N, S S(O), S(O) or O: 
wherein any alkyl, hydroxyalkyl, aminoalkyl, cycloalkyl, 
heterocyclyl, aryl, or heteroaryl, or heterocyclic ring formed 
by R and R together with a nitrogen atom, is optionally 
independently mono- or pluri-substituted with alkyl, 
hydroxyalkyl, aminoalkyl, halogen, Oxo, OR, 
NHCONRR, NRR, COR, COOR, OC(O)R, 
CONRR, OC(O)NR'R, N(R)C(O)R, S(O).R, S(O) 
OR, OP(=O)(OR)(OR), OP(=O)(OR)NR'R', or 
P(OR)(NRR), or, when pluri-substituted, any combination 
thereof. 

I0086 Compounds of this set can be viewed as substituted 
Sulfamylacyl derivatives of rapamycin, bonded to the carbon 
42 hydroxyl group of the rapamycin ring system wherein the 
terminal amino group of the Sulfamate group can bear two 
independent Substituents or can be incorporated into a het 
erocyclic ring. These Substituents can be independently 
selected. 

I0087. For example, in certain embodiments, one of R' or 
R’ is hydrogen, and the other substituent is a monovalent 
group, Such as alkyl. Such as methyl. It is understood that the 
two structures are identicial when either of R' or R is hydro 
gen and the other is a specific group. The alkyl group can itself 
be substituted, for example with one or two hydroxyl groups. 
More specifically, the group can be a hydroxyethyl group or a 
2,3-dihydroxypropyl group. Or, the alkyl group can be Sub 
stituted with a carboxyl group, for example R' or R can be a 
carboxymethyl group. 
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I0088. In other embodiments, when one of R' or R is 
hydrogen, the other can be an aryl group. The aryl group can 
itself be substituted, for example with a hydroxyl group. 
Thus, a p-hydroxyphenyl group is a specific example. 
I0089. In still other embodiments, the other of R' or R that 
is not hydrogen can be a heterocyclyl group, Such as a hexahy 
dropyranyl group. That group can itself bear Substituents. 
When a hexahydropyranyl group bears hydroxyl and 
hydroxymethyl groups in the proper Substitution pattern, the 
group is a pyranose form of a monosaccharide. More specifi 
cally, the group can by a glycosyl or a galactosyl group, 
bonded to the nitrogen atom via any carbon. When the het 
erocyclyl group is a tetrahydrofuranyl group, it can be Sub 
stituted with hydroxyl and hydroxymethyl groups to provide 
a furanose form of a monosaccharide. 
(0090. In other embodiment, both R' and Rare alkyl, such 
as substituted alkyl. For example, both R" and R can be 
hydroxyethyl groups, respectively. 
I0091. In yet other embodiments, R' and R can together 
with the nitrogen atom to which they are bonded form a 
heterocyclic ring. For example the heterocyclic ring can be a 
pyrrolidinering. The pyrrolidine ring can itselfbe substituted, 
Such as with a hydroxyl group, in any chemically feasible 
position, such as the 3-position. It is understood that when 
Substitution of a position can yield more than a single stereo 
meric form, all possible stereomeric forms are included. 
0092. In another set of embodiments according to the 
invention, Z can be A-W CH (CH, O), (CH(R)), , 
wherein 
0093 R is independently at each occurrence H or OR; 
0094 m and n are each independently 0 to about 4: 
0.095 W is a bond, C(O), C(O)C(O), S(O), S(O), P(O) 
OR, or P(O)NR'R'': 
0096. A comprises a saturated or unsaturated 5-, 6-, or 
7-membered heterocyclyl containing one or more of N, O, S, 
S(O) or S(O), wherein A is optionally independently mono 
or pluri-substituted with alkyl, hydroxyalkyl, aminoalkyl, 
halogen, oxo, OR, NHCONRR, NRR, COR, COOR, 
OC(O)R, CONRR, OC(O)NR'R, N(R)C(O)R, S(O) 
R, S(O), OR, OP(=O)(OR)(OR), OP(=O)(OR) 
NRR, or P(OR)(NRR), or, when pluri-substituted, any 
combination thereof; and wherein A is bonded in any chemi 
cally feasible manner to CH: 
I0097 R independently at each occurrence is H, alkyl, 
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein any R 
except hydrogen is optionally independently mono- or pluri 
Substituted with alkyl, hydroxyalkyl, aminoalkyl, halogen, 
oxo, OR, NHCONRR, NRR, COR, COOR, OC(O)R, 
CONRR, OC(O)NR'R, N(R)C(O)R, S(O).R, S(O) 
OR, OP(=O)(OR)(OR), OP(=O)(OR)NR'R'', or 
P(OR)(NRR), or, when pluri-substituted, any combination 
thereof, and 
(0098 R and R independently at each occurrence is H, 
alkyl, hydroxyalkyl, aminoalkyl, cycloalkyl, heterocyclyl, 
aryl, or heteroaryl; or Rand Rs together with a nitrogenatom 
to which they are bonded comprises a saturated 5-, 6- or 
7-membered heterocyclic ring comprising one or more of 
heteroatoms comprising N, S S(O), S(O), or O; wherein any 
alkyl, hydroxyalkyl, aminoalkyl, alkylaminoalkyl, oraryl, or 
heterocyclic ring comprising RandR together, is optionally 
independently mono- or pluri-substituted with alkyl, 
hydroxyalkyl, aminoalkyl, halogen, Oxo, OR, 
NHCONRR, NRR, COR, COOR, OC(O)R, 
CONRR, OC(O)NR'R, N(R)C(O)R, S(O).R, S(O) 
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OR, OP(=O)(OR)(OR), OP(=O)(OR)NR'R'', or 
P(OR)(NRR), or, when pluri-substituted, any combination 
thereof 
0099. In various embodiments, m can be 0, such that the 
O-42 substituent is a carbon chain bearing the A heterocyclyl 
group. For example, the carbon chain can be an ethyl chain, 
when n=1 and R is all H, or a propyl chain, when n=2 and R 
is all H. In other embodiments the chain can include oxygen 
atoms, in polyethylene glycol (PEG) repeating units. 
0100. In various embodiments A can be a piperidinyl ring 
bonded directly to the CH (CH-O) —(CH(R)), when 
W is a bond. The heterocyclyl, e.g., piperidinyl, ring can be 
bonded to the chain, which can be the carbon chain or the PEG 
chain. The piperidinyl ring can be unsubstituted, or it can be 
substituted, for example with a alkoxycarbonyl group, ROC 
(O)—. More specifically, R can be a methyl group, providing 
a CHOC(O)— substituent on the piperidinyl ring. The pip 
eridinyl ring can be attached to the carbon chain or oxycarbon 
chain in any chemically feasible manner; for example the 
piperidinyl ring can be attached by any carbon atom, for 
example by carbon number 4, or by the nitrogen atom of the 
ring. Substituents can be disposed on the ring in any chemi 
cally feasible manner. 
0101. In other embodiments, the heterocyclic ring. A can 
be bonded to the carbon or oxycarbon chain—CH2—(CH2— 
O) (CH(R)), , via W in any chemically feasible manner 
when W is a bond, C(O), C(O)C(O), S(O), S(O), P(O)OR, 
or P(O)NR'R''. The heterocyclic ring can be attached via the 
W group to the carbon or oxycarbon chain —CH2—(CH 
O) (CH(R)), by any chemically feasible configuration for 
bonding to the terminal CH2 group; for example the hetero 
cyclic ring can be connected by one of the ring carbon atoms, 
or by a ring nitrogenatom. For example, the heterocyclic ring 
can be bonded via a ring nitrogen atom to the carbon or 
oxycarbon chain via a carbonyl (C(O)), oxalyl (C(O)C(O)), 
sulfenyl (S(O), or sulfonyl (S(O)) group. More specifically, 
if the heterocyclic ring is a morpholinyl ring, it can be bonded 
to the carbon or oxycarbon chain via the ring nitrogen atom 
through a sulfonyl group to the terminal CH2 group of the 
carbon or oxycarbon chain, thus forming a Sulfonamide 
group. Or, a ring nitrogen can be connected to the terminal 
CH2 group of the carbon or oxycarbon chain via a carbonyl 
group, thus forming an amide group. 
0102. In various other embodiments of the invention, Z 
can be X (CH)YC(=O)(CH), , wherein 
0103 m and n are each independently 0 to about 2: 
0104 Y is NR'', O, S, or a bond; 
0105 X comprises OR'', or NR'R'', wherein 
I0106 R'' is H, alkyl, cycloalkyl, heterocyclyl, aryl, or 
heteroaryl, wherein any R'' except hydrogen is optionally 
independently mono- or pluri-substituted with alkyl, 
hydroxyalkyl, aminoalkyl, halogen, Oxo, OR". 
NHCONR'R's, NR'R's, COR, COOR1, OC(O)R', 
CONR'R's, OC(O)NR'R's, N(R)C(O)R', S(O).R., 
S(O).OR', OP(=O)(OR')(OR), OP(=O)(OR') 
NR'R'', or P(OR)(NR'R''), or, when pluri-substituted, 
any combination thereof; 
0107) R' independently at each occurrence is H, alkyl, 
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein any R' 
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except hydrogen is optionally independently mono- or pluri 
Substituted with alkyl, hydroxyalkyl, aminoalkyl, halogen, 
oxo, OR, NHCONR'R's, NR'R'', COR, COOR, 
OC(O)R, CONR'R'', OC(O)NR'R'', N(R')C(O)R', 
S(O).R.S(O),OR', OP(=O)(OR')(OR), OP(=O) 
(OR')NR'R'', or P(OR)(NR'R''), or, when pluri-sub 
stituted, any combination thereof; 
0108) R'' and R' independently at each occurrence is H, 
alkyl, hydroxyalkyl, aminoalkyl, cycloalkyl, heterocyclyl, 
aryl, or heteroaryl; or R'' and R' together with a nitrogen 
atom to which they are bonded comprises a saturated 5-, 6- or 
7-membered heterocyclic ring optionally comprising one or 
more additional heteroatoms comprising N, S S(O), S(O) or 
O; wherein any alkyl, hydroxyalkyl, aminoalkyl, alkylami 
noalkyl, or aryl, or heterocyclic ring comprising R'' and R' 
together with a nitrogen atom is optionally independently 
mono- or pluri-Substituted with alkyl, hydroxyalkyl, ami 
noalkyl, halogen, oxo, OR, NHCONR'R'', NR'R'', 
COR, COOR, OC(O)R, CONR'R'', OC(O)NR'R'', 
N(R')C(O)R', S(O).R', S(O).OR', OP(=O)(OR) 
(OR), OP(O)(OR)NR'R'', or P(OR)(NR'R''), or, 
when pluri-substituted, any combination thereof. 
0109. In various embodiments of the invention, m and n 
can both be 0. In various embodiments, Y can be absent. 
When both these conditions are met, Z is a carbonate ester 
when X is OR'', or a carbmate when X is NR'R'', wherein 
X is bonded directly to the carbonyl group which is in turn 
directly bonded to the hydroxyl group disposed on carbon-42 
of the rapamycin ring scaffold. For example, NR'R' can be 
an unsubstituted or a substituted heterocyclic ring, Such as a 
piperidinyl, or piperazinyl, or a morpholinyl ring, bonded via 
the nitrogenatom to the carbonyl group. More specifically, in 
an embodiment, NR'R' can be a piperazinyl ring bonded 
via the 1-nitrogen atom to the carbonyl group, wherein the 
4-nitrogenatom bears an alkyl group, Such as a methyl group. 
In other embodiments, NR'R' can be a piperidinyl or a 
morpholinyl ring bonded by respective nitrogen atoms to the 
carbonyl group. In specific examples, all these rings can be 
otherwise unsubstituted. 

0110. In other embodiments, m and n can each indepen 
dently be 1 or 2. For example, in various embodiments, m can 
be 1 or 2 and Y can be absent, such that the carbonyl group is 
bonded directly to a 1 or 2 carbon unit, which is in turn bonded 
to X, thus forming an aminoalkyl or an alkoxyalkyl group 
bonded to the carbonyl. The carbonyl can in turn either be 
bonded directly to the rapamycin 42-hydroxyl group, form 
ing an ester bond, or a 1 or 2 carbon chain can be interspersed, 
Such that the carbonyl is a ketone carbonyl, and the rapamycin 
42-hydroxyl forms an ether linkage with the 1 or 2 carbon 
chain. 

0111. In yet other embodiments, an atom Y can be dis 
posed between the carbonyl and the (CH), group, whereinY 
can be an optionally Substituted nitrogen atom, an oxygen 
atom, or a sulfur atom, thus providing an amide, ester, or 
thioester linkage respectively. In various embodiments, Y is a 
NH group, which can be linked via a 1 or 2 carbonatom linker 
to X. For example, the Z group can be of the structures 
(heterocyclyl)-CHCH-NHC(O)CH or (heterocyclyl) 
CHCH-NHC(O)—, bonded to the rapamycin 42-hydroxyl. 
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I0112. In various embodiments, Z can be X-A'-(CH.) 
Yi Si(R22)(R2)(R) 

0113 wherein X comprises ((CHR): 
I0114) R' is independently at each occurrence H, alkyl, 
hydroxyl, alkoxyl, or amino; 
0115 m and n are independently 0 to about 3: 
0116. Y' is a bond, O(CH), NR''(CH) or S(CH), 
wherein r is 0 to about 3: 
0117 A' is a bond, O, NR', S, cycloalkyl, or heterocy 
clyl; 
0118 R, R and R are each independently alkyl, 
hydroxyalkyl, aminoalkyl, alkoxy, cycloalkyl, heterocyclyl, 
aryl, or heteroaryl; 
0119 wherein any alkyl, cycloalkyl, heterocyclyl, alkoxy, 
aryl, or heteroaryl is optionally independently mono- or pluri 
Substituted with alkyl, hydroxyalkyl, aminoalkyl, halogen, 
oxo, OR, NHCONR'R's, NR'R's, COR, COOR3, 
OC(O)R, CONR'R'', OC(O)NR'R'', N(R')C(O)R', 
S(O).R', S(O),OR', OP(=O)(OR')(OR), OP(=O) 
(OR')NR'R'', or P(OR)(NR'R''), or, when pluri-sub 
stituted, any combination thereof; 
I0120) R' independently at each occurrence is H, alkyl, 
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein any R' 
except hydrogen is optionally independently mono- or pluri 
Substituted with alkyl, hydroxyalkyl, aminoalkyl, halogen, 
oxo, OR, NHCONR'R's, NR'R'', COR, COOR, 
OC(O)R, CONR'R's, OC(O)NR'R's, N(R')C(O)R, 
S(O).R', S(O),OR", OP(=O)(OR)(OR), OP(=O) 
(OR')NR'R'', or P(OR)(NR'R''), or, when pluri-sub 
stituted, any combination thereof; 
I0121) R'' and R' independently at each occurrence is H. 
alkyl, hydroxyalkyl, aminoalkyl, cycloalkyl, heterocyclyl, 
aryl, or heteroaryl; or R'' and R' together with a nitrogen 
atom to which they are bonded comprises a saturated 5-, 6- or 
7-membered heterocyclic ring optionally comprising one or 
more additional heteroatoms comprising N, S S(O), S(O) or 
O; wherein any alkyl, hydroxyalkyl, aminoalkyl, alkylami 
noalkyl, or aryl, or heterocyclic ring comprising R'' and R' 
together with a nitrogen atom is optionally independently 
mono- or pluri-Substituted with alkyl, hydroxyalkyl, ami 
noalkyl, halogen, oxo, OR, NHCONR'R'', NR'R'', 
COR, COOR1, OC(O)R, CONR'R's, OC(O)NR'R'', 
N(R')C(O)R', S(O).R', S(O).OR', OP(=O)(OR) 
(OR), OP(O)(OR)NR'R'', or P(OR)(NR'R''), or, 
when pluri-substituted, any combination thereof. 
0122 For example, in various embodiments, m can be 0 
and A' can be a bond, such that the (CH2), group is bonded 
directly to the rapamycin 42-hydroxyl group. In other 
embodiments,Y' is a bond. More specifically, when mis 0, A' 
is a bond, and Y is a bond, the compound of formula (I) 
comprises a silyl ether or a silylalkyl ether of the rapamycin 
42-hydroxyl group, depending on the value of n. When n is 1 
and R', RandR'' are each a methyl group, the compound 
of formula (I) includes a O(42)-trimethylsilylmethyl ether of 
rapamycin. In other embodiments, one or more of R', R 
and R' can each independently be a substituted alkyl group, 
for example, a hydroxyethyl group. For example, a compound 
of formula (I) can include a dimethyl-2-hydroxyethylsilylm 
ethyl ether at the 42-hydroxyl group. In another embodiment, 
a polyethyleneglycol chain segment is disposed between the 
silylmethyl ether and the 42-hydroxyl group; for example as 
in the structure —CHCHOCH2CHOCHSi(R)(R') 
(R). 
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(0123. In other embodiments, Y can be an oxygen atom, 
Such that the compound of formula (I) includes a siloxyalkyl 
ether of the rapamycin 42-hydroxyl group. 
0.124 Compounds of the invention are believed to act by 
binding to FKBP or inhibition of the mTOR function of 
FKBP or both. The bioactivity of the inventive compounds 
can be evaluated using bioassay procedures known in the art, 
as are described below. All exemplary compounds shown 
below were found to have ICs values of less than about 5uM, 
many less than about 1 uM. 
0.125. In various embodiments, the invention provides a 
method of preparation of a compound of the invention, com 
prising 
0126 contacting a compound of formula (II): 

(II) 

0127 with a hydroxyl-protecting group reagent, to pro 
vide a compound of formula (III): 

(III) 
HO 

wherein Pg is a hydroxyl protecting group, then 
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0128 

(IV): 

(IV) 

contacting the compound of formula (III) with Sul 
furisocyanatidic chloride to provide a compound of formula 
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0.130. In various embodiments, the invention provides a 
method of preparing a compound of the invention comprising 
contacting a compound of formula (II): 

(II) 

then, contacting the compound of formula (IV) with NH(R') 
(R') to provide the compound of the invention. The hydroxyl 
protecting group can be a silyl ether, Such as a tert-butyl 
dimethylsilyl ether. 
0129. In various embodiments, the invention provides a 
method of preparing a compound of the invention comprising 
contacting a compound of formula (II): 

(II) 

and a compound of formula Z-Lg, wherein Lg is a leaving 
group, to provide the compound of the invention. For 
example, the compound of formula Z—X can be a compound 
of formula Z O-Tf, wherein Tf signifies a triflate ester. The 
hydroxyl protecting group can be a silyl ether, Such as a 
tert-butyl-dimethylsilyl ether. 

0131 with a hydroxyl-protecting group reagent, to pro 
vide a compound of formula (III): 

(III) 

wherein Pg is a hydroxyl protecting group, then 
I0132) contacting the compound of formula (III) with a 
reagent of formula Z-phenyl-O C(=O)-Lg, wherein Z is 
one or more electron withdrawing groups disposed on phenyl 
and Lg is a leaving group, to provide a compound of formula 
(VI): 
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(VI) 

0.133 wherein Z signifies the one or more electron with 
drawing groups; then, contacting the compound of formula 
(VI) with NH(R')(R') to provide the compound of the 
invention. For example, the reagent of formula Z-phenyl-O- 
C(=O)-Lg can be a mononitrophenoxycarbonyl chloride or a 
dinitrophenoxycarbonyl chloride. The hydroxyl protecting 
group can be a silyl ether, Such as a tert-butyl-dimethylsilyl 
ether. 

0134. In various embodiments, the invention provides a 
method of preparing a compound of the invention, compris 
ing contacting a compound of formula (II): 

(II) 
HO, 
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0.135 with a hydroxyl-protecting group reagent, to pro 
vide a compound of formula (III): 

(III) 
HO 

wherein Pg is a hydroxyl protecting group, then 
0.136 contacting the compound of formula (III) with an 
activated haloacetate to provide a compound of formula 
(VII): 

(VII) 

wherein Z' is a halogen; 
0.137 then, contacting the compound of formula (VII) 
with NH(R')(R') to provide the compound of the invention. 
For example, Z can be bromo. The hydroxyl protecting group 
can be a silyl ether, such as a tert-butyl-dimethylsilyl ether. 
0.138. In various embodiments, the invention provides a 
method of preparing a compound of the invention, compris 
ing contacting a compound of formula (II): 
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I0139 and a compound of formula Lg-A'-(CH2)" Si 
(R)(R)(R), wherein Lg is a leaving group, to provide the 

(II) compound of claim 20. For example, Lg can be 
—O—SOCF. The hydroxyl protecting group can be a silyl 
ether, such as a tert-butyl-dimethylsilyl ether. 

HO, 

EXAMPLES 

0140. The following abbreviations are used throughout 
the Examples: 
0141 DCM dichloromethane 
0142. DMF N,N-dimethylformamide 
0.143 EtN triethylamine 

O, 0144. EtOAc ethyl acetate 
0145 g grams 
0146 h hours 
0147 min minutes 
014.8 mL milliliters 
0.149 mmole millimoles 
(O150 THF tetrahydrofuran 
0151. TMS trimethylsilyl 
0152 TMS C1 trimethylsilylchloride 
(O153 °C. degrees Celsius 
0154 -range (e.g. 5-10°C.) 

Synthesis Scheme-1: 

1. TMSC 
imidazole 
EtOAc 
-> 

2. 0.5 NHSO4. 

Step-1 

C 
pyridine 
Step-2 

31-O-TMS-Rapamycin 
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-continued 
Compound R 

Example 1 M M 
O N-- 

Example 2 \ 
N-- 

Example 3 HO 

N-e- 

HO 
Example 4 HO 

i) -e- 
Example 5 

HO NH-e- 

Example 1 
42-O-Morpholinosulfonylcarbamyl-rapamycin 

0155 

Step-1: 31-O TMS-rapamycin 
0156 To an ice-cooled solution of rapamycin (5.5 g. 6 
mmol) and imidazole (3.2g, 48 mmol) in ethyl acetate (30 
mL) was added chlorotrimethylsilane (5.2g, 48 mmol) drop 
wise by Syringe. The reaction mixture was stirred at room 
temperature for 30 minutes. Upon completion of the reaction, 
sulfuric acid (0.5 N, 24 mL) was added dropwise. The reac 
tion mixture was stirred at 0°C. for 1.5h, diluted with brine, 
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and extracted with ethyl acetate (3x30 mL). The organic layer 
was dried over anhydrous sodium Sulfate and concentrated. 
The residue was purified by silica gel chromatography eluted 
with ethylacetate-petroleum ether (1:1) to obtain 31-O-TMS 
rapamycin (4.8 g., 81%). 

Step-2 and Step-3: 42-O-Morpholinosulfonylcar 
bamate-31-O-TMS-rapamycin (B) 

(O157 To a solution of 31-O-TMS-rapamycin (1.7g, 1.7 
mmol) and pyridine (0.4g, 5.1 mmol) in CHCl (20 mL) at 
0° C. under nitrogen was added sulfurisocyanatidic chloride 
(CISO(NO), 0.25 g, 1.7 mmol) dropwise by syringe. The 
reaction mixture was stirred at 0°C. for 1 h before morpholine 
(0.4g, 5.1 mmol) was added. The mixture was stirred for 
another 2 h, diluted with brine, and extracted with ethyl 
acetate (3x15 mL). The organic layer was dried over anhy 
drous Sodium sulfate and concentrated. The residue was puri 
fied by Silica gel chromatography eluted with ethyl acetate 
petroleum ether (1:1.5) to obtain B as a white solid (25%). 

Step-4: 
42-O-Morpholinosulfonylcarbamyl-rapamycin 

0158 To the solution of intermediate B (510 mg, 0.43 
mmol) in acetone (20 mL) at 0°C. was added sulfuric acid 
(0.5 N, 1.7 mL). The mixture was stirred for 1.5 h at 0°C., 
diluted with brine, and extracted with ethyl acetate (10x10 
mL). The organic layer was dried over anhydrous Sodium 
sulfate and concentrated. The residue was purified by silica 
gel chromatography eluted with EtOAc-petroleum ether (1:1. 
5) to obtain the title compound (0.42 g, 88%). 
10159 H NMR (400 MHz, CDC1) & 3.75-3.77 (m, 4H), 
3.40-3.41 (m, 4H), 4.76 (s, 1H, OH), 5.41 (d. J=9.2 Hz, 1H, 
OH), 5.46-5.57 (m, 1H, vinyl-H), 6.11-6.42 (m,3H, vinyl-H). 
(0160 m/z (relative intensity,%): 1105 M-1 (100) 
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Example 2 

42-O-Dimethylaminosulfonylcarbamyl-rapamycin 

(0161 

N 

1. so 

"N's 
O 

5 
O 

0162 To a solution of 31-O-TMS-rapamycin (2.5g, 2.5 
mmol) and pyridine (0.7g, 10 mmol) in anhydrous CHC1. 
(20 mL) at 0°C. under nitrogen was added sulfurisocyana 
tidic chloride (1.09 g, 7.5 mmol) dropwise by syringe. The 
reaction mixture was stirred at 0°C. for 0.5h. To this reaction 
mixture was added Et-N (0.67 g) followed by dimethylamine 
hydrochloride (1.61 g, 7.5 mmol). The reaction mixture was 
stirred for another 1.5 h at 0° C., diluted with brine, and 
extracted with ethyl acetate (10x30 mL). The organic layer 
was dried over anhydrous Sodium sulfate and concentrated. 
The residue was purified by silica gel chromatography eluted 
with EtOAc-petroleum ether (1:1.5) to obtain C as a white 
solid (25%). 
0163 To the solution of C (600 mg 0.5 mmol) in acetone 
(20 mL) was cooled to 0°C. and added sulfuric acid (0.5 N, 
1.8 mL). The mixture was stirred for 1.5 h at 0°C., diluted 
with brine, and extracted with ethyl acetate (10x30 mL). The 
organic layer was dried over anhydrous sodium sulfate and 
concentrated. The residue was purified by silica gel chroma 
tography eluted with EtOAc-petroleum ether (1:1.5) to obtain 
the title compound (0.42 g, 91%). 
(0164. "H NMR (400 MHz, CDC1) & 2.97 (s, 6H, N(CH.) 
), 4.76 (s, 1H, OH), 5.41 (d. J=9.2 Hz, 1H, OH), 5.46-5.57 
(m. 1H, vinyl-H), 6.11-6.42 (m, 3H, vinyl-H). 
(016.5 m/z (relative intensity,%): 1063 M-1 (100) 
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Example 3 

42-O-N,N-Bis(2-hydroxyethyl)aminosulfonylcar 
bamyl-rapamycin 

(0166 

0.167 To a solution of 31-O-TMS-rapamycin (2.5g, 2.5 
mmol) and pyridine (0.7g, 10 mmol) in anhydrous CHCl 
(20 mL) at 0°C. under nitrogen was added sulfurisocyana 
tidic chloride (1.09 g, 7.5 mmol) dropwise by syringe. The 
reaction mixture was stirred at 0°C. for 0.5h. To this reaction 

mixture was added EtN (0.67 g) followed by diethanolamine 
(0.52g, 5 mmol). The reaction mixture was stirred for another 
1.5 h at 0°C., diluted with brine, and extracted with ethyl 
acetate (10x30 mL). The organic layer was dried over anhy 
drous Sodium sulfate and concentrated. The residue was puri 
fied by silica gel chromatography eluted with EtOAc-metha 
nol (40:1) to obtain D as a white solid (21%) 
0168 To the solution of D (240 mg, 0.2 mmol) in acetone 
(20 mL) was added sulfuric acid (0.5 N, 0.8 mL) at 0°C. The 
reaction mixture was stirred for 1.5h, diluted with brine, and 
extracted with EtOAc (10 mLX3). The organic layer was dried 
over anhydrous NaSO and concentrated. The residue was 
purified by silica gel chromatography eluted with CHC1 
CH-OH (40: 1) to obtain the title compound (0.16 g. 82%). 
(0169 H NMR (400 MHz, CDC1) & 3.51-3.58 (m, 4H, 
2CH), 3.85-3.90 (m, 4H, 2CH), 4.60-4.64 (m. 1H), 4.67 (s, 
1H), 5.51 (d. J=10 Hz, 1H), 5.49-5.55 (m. 1H, vinyl-H), 5.98 
(d. J=10.0 Hz, 1H, vinyl-H), 6.11-6.17 (m, 1H, vinyl-H), 
6.27-6.42 (m. 2H, vinyl-H). 
(0170 m/z (relative intensity,%): 1122 M-1 (100) 
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Example 4 0172 To a solution of rapamycin-31-O-TMS (2.5g, 2.5 
- 0 mmol) and pyridine (0.7g, 10 mmol) in anhydrous THF (20 

42-O-((R)-3-hyiyyid-ylsulfonylcar mL) at 0°C. under nitrogen was added Sulfurisocyanatidic 
amyl-rapamyein chloride (1.09 g, 7.5 mmol) dropwise by syringe. The reaction 

0171 mixture was stirred at 0°C. for 0.5h. To this reaction mixture 
was added EtN (0.67 g) followed by (R)-3-hydroxypyrroli 
dine hydrochloride (0.71 g, 6.1 mmol). The reaction mixture 
was stirred for another 1.5 h at 0°C., diluted with brine, and 
extracted with ethyl acetate (10x30 mL). The organic layer 

HO was dried over anhydrous sodium Sulfate and concentrated. 
The residue was purified by silica gel chromatography eluted 

H with EtOAc-methanol (40:1) to obtain E as a white solid 
N-N (25%). 

f. 0173 To the solution of E (200 mg, 0.17 mmol) in acetone 
(20 mL) was added sulfuric acid (0.5 N, 0.8 mL) at 0°C. The 
reaction mixture was stirred for 1.5h, diluted with brine, and 
extracted with EtOAc (10 mLX3). The organic layer was dried 
over anhydrous NaSO and concentrated. The residue was 
purified by silica gel chromatography eluted with CHC1 
CHOH (40:1) to obtain the title compound (0.17 g., 77%). 
(0174 'H NMR (400 MHz, CDC1,) & 2.51-2.73 (m, 4H), 
2.04-2.27 (m6H), 3.63-3.73 (m,7H), 4.45, (s, br. 1H), 4.18 (s, 
br. 1H), 4.62 (s, br. 1H), 5.42 (d. J=9.6 Hz, 1H), 5.43-5.53 (m 
1H, vinyl-H), 5.98 (d. J=10.4 Hz, 1H, vinyl-H), 6.11-6.16 (m, 
1H, vinyl-H), 6.29-6.37 (m, 2H, vinyl-H), 7.49 (s, 1H). 
(0175 m/z (relative intensity,%): 11051\4-1" (100) 

Example 5 

42-O-4-Hydroxyanilinsulfonylcarbamyl-rapamycin 

(0176) 

H H 

N-N O., 
O2 

O 
HO O 
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(0177. To a solution of 31-O-TMS-rapamycin (2.5g, 2.5 
mmol) and pyridine (0.7g, 10 mmol) in anhydrous CHC1. 
(20 mL) at 0°C. under nitrogen was added sulfurisocyana 
tidic chloride (1.09 g, 7.5 mmol) dropwise by syringe. The 
reaction mixture was stirred at 0°C. for 0.5h. To this reaction 
mixture was added EtN (0.67 g) followed by 4-aminophenol 
(0.71 g, 6.6 mmol). The reaction mixture was stirred for 
another 1.5 h at 0°C., diluted with brine, and extracted with 
ethyl acetate (10x30 mL). The organic layer was dried over 
anhydrous Sodium Sulfate and concentrated. The residue was 
purified by silica gel chromatography eluted with EtOAc 
methanol (40: 1) to obtain F as white solid (26%). 
0.178 To the solution of F (200 mg 0.17 mmol) in acetone 
(20 mL) was added sulfuric acid (0.5 N, 0.8 mL) at 0°C. The 
reaction mixture was stirred for 1.5h, diluted with brine, and 
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extracted with EtOAc (10 mLX3). The organic layer was dried 
over anhydrous NaSO and concentrated. The residue was 
purified by silica gel chromatography eluted with CHC1 
CH-OH (40:1) to obtain the title compound (0.14g, 73%). 
(0179 H NMR (400 MHz, CDC1) & 5.10 (s, br. 1H), 5.24 
(d. J=3.2 Hz, 1H), 5.36-5.49 (m, 2H), 5.99 (d. J=10.8 Hz, 1H, 
vinyl-H), 6.07-6.13 (m, 1H, vinyl-H), 6.22-6.39 (m, 2H, 
vinyl-H), 6.83 (d. J=8.0 Hz, 1H), 7.07 (d. J=8.0 Hz, 2H), 7.40 
(s, br. 1H). 
0180 m/z (relative intensity,%): M-1 1126 (100). 

Example 6 
42-O-4-Methylpiperazine-1-carboxy-rapamycin 

0181 

0.5 NH2SO4 
acetOne 

O-50 C. 
He 

Step-3 
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Example 6 

Step-1: 42-O-(4-Nitrophenvoxycarboxy)-31-O- 
TMS-rapamycin (G) 

0182 To a solution of 31-O-TMS-rapamycin (5.1 g, 5.17 
mmol) and pyridine (4.0 g, 51.7 mmol) in dichloromethane 
(30 mL) at -10°C. ~-5°C. was added a solution of 4-nitro 
phenylchloroformate (1.5g, 7.76 mmol) in dichloromethane 
(20 mL) dropwise. The reaction mixture stirred for 3 h with 
the temperature gradually increased from -10° C. to room 
temperature, quenched with water (300 mL), and extracted 
with dichloromethane (60 mL). The organic layer was 
washed with water (300 mL), dried over anhydrous sodium 
sulfate, and concentrated to afford G, which was used without 
further purification. 

Step-2: 42-O-(4-Methylpiperazine-1-carboxy)-31-O- 
TMS-rapamycin (H) 

0183) To the solution of compound G (5.8 g. 5.04 mmol) 
and triethylamine (1 g, 10.2 mmol) in DMF (50 mL) at 0°C. 
was added N-methylpiperazine slowly. The reaction mixture 
was stirred for 4 h with the temperature rising from 0°C. to 
room temperature, quenched with water (300 mL) and 
extracted with ethyl acetate (3x150 mL). The organic layer 
was washed with water (2x300 mL) and brine, dried over 

O.,42 
Br 

O 

--- Br Br 
-- 

Step-1 
31-O-TMS-Rapamycin 

anhydrous sodium sulfate, and concentrated to give com 
pound Has a light yellow solid (3.8 g. 67%) which was used 
without further purification. 

Step-3: 
42-O-4-Methylpiperazine-1-carboxy)-rapamycin 

0.184 To the solution of H(200 mg, 0.18 mmol) in acetone 
3 mL) and water (3 mL) at 0°C. was added sulfuric acid (0.5 
N, 0.5 mL). The reaction mixture was stirred at 0°C. over 
night, diluted with water (5 mL), neutralized with sodium 
bicarbonate, extracted with ethyl acetate (3x5 mL). The 
S. layer was washed with water and brine, dried over 
anhydrous sodium sulfate, and concentrated. The residue was 
purified by silica gel chromatography eluted with methanol 
ethylacetate (1:4) to afford the title compound as an off-white 
powder. 
0185 H NMR (400 MHz, CDC1) & 3.1 (s.3H, NCH 
5.41 (d. J=9.2 Hz, 1H, OH), 5.46-5.57 (m. 1H, vii; 
6.1 1-6.42 (m, 3H, vinyl-H). 

Example 7 
42-O (R)-3-Hydroxypyrrolidin-1-yl)acetyl-rapa 

mycin 
0186. 

Step-2 
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-continued 

0.5 NH2SO4 
acetOne 

O-5o C. 
-e- 

Step-3 

Step-1: 42-O-(2-Bromoacetyl)-31-O-TMS-rapamy 
cin (I) 

0187 To a solution of 31-O-TMS-rapamycin (0.2g, 0.2 
mmol) and triethylamine (0.2g, 2 mmol) in dichloromethane 
(10 mL) was added 2-bromoacetyl bromide dropwise at 0°C. 
The reaction mixture was stirred for 6h while the temperature 
rose to room temperature, concentrated, extracted with ethyl 
acetate. The organic layer was washed with brine, dried over 
anhydrous Na2SO4 and concentrated to give crude I which 
was used without further purification. 

Step-2: 42-O (R)-3-Hydroxypyrrolidin-1-yl) 
acetyl-31-O-TMS-rapamycin 

0188 To the solution of I in DMF (10 mL) was added 
KCO (50 mg, 0.4 mmol) and (R)-3-hydroxypyrrolidine 
hydrochloride salt (22 mg, 0.2 mmol). The reaction mixture 
was stirred at 40° C. for 6 h. Small quantities of (n-Bu-N) 

Example 7 

SO were added to the reaction mixture. The resultant mix 
ture was stirred at 40° C. for another 8 h, cooled to room 
temperature, quenched with water, and extracted with ethyl 
acetate. The organic layer was washed with brine, dried over 
anhydrous Na2SO4, and concentrated to give crude J which 
was used without further purification. 

Step-3: 42-O (R)-3-Hydroxypyrrolidin-1-yl) 
acetyl-rapamycin 

(0189 To the solution of J (7.0 g, 7 mmol) in acetone (100 
mL) was added 0.5 NHSO (14 mL) dropwise at 0°C. The 
reaction mixture was stirred overnight while the reaction 
temperature was gradually warmed up to room temperature 
and concentrated. The red oil residue was purified on silica 
gel chromatography eluted with ethyl acetate-petroleum 
ether (1:1) to afford the title compound (2.0g, 29%). 
(0190 "H NMR (300 MHz, CDC1) & 408-4.18 (m, 4H), 
2.0-2.1 (m, 8H), 5.99-6.40 (m, 3H, vinyl). 
(0191 m/z (relative intensity,%): 985 M-1" (100) 
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Example 8 
42-O-2-(4-Hydroxypiperidin-1-yl)acetyl-rapamy 

cin 

(0192 

0193 The title compound was prepared using the same 
procedure as Example 7. Substituting 4-hydroxypiperidine 
hydrochloride for 4-hydroxypyrrolidine hydrochloride. 
(0194 H NMR (400 MHz, CDC1,) & 3.88-4.00 (m, 4H), 
5.28 (m, 2H), 5.46-5.57 (m, 1H, vinyl-H), 6.11-6.42 (m, 3H, 
vinyl-H). 

Example 9 
42-O-2-(Piperidin-4-yl)ethyl-rapamycin 

0195 

OH 
(CFCO)3O 

HN - - FCOC-N Step-1 

K 
OTf 

Rapamycin 
FCOC-N He Step-3 

TfG) 
-e- 

Step-2 

Apr. 28, 2011 
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-continued 

Example 9 

Step-1: 2.2.2-Trifluoro-1-(4-(2-hydroxyethyl)piperi 
din-1-yl)ethanone (K) 

0196. To a mixture 2-(piperidin-4-yl)ethanol (2.58 g. 20 
mmol) and triethylamine (4 mL, 30 mmol) in dichlo 
romethane (50 mL) was added trifluoroacetic anhydride (2.8 
mL, 20 mmol) dropwise at 0°C. The reaction mixture was 
stirred at room temperature for 2 h, and washed sequentially 
with hydrochloric acid (1 N), saturated NaHCO and brine. 
The organic layer was dried over anhydrous NaSO filtered, 
and concentrated. The residue was purified by silica gel chro 
matography eluted with hexane-ethyl acetate (5:1 to 1:1) to 
give 2.2.2-trifluoro-1-(4-(2-hydroxyethyl)piperidin-1-yl) 
ethanone as a colorless oil (2.1 g, 46%). 
(0197) 'H NMR (400 MHz, DMSO-d) 1.05-1.10 (m, 2H), 
1.36-1.39 (m, 2H), 1.70-1.81 (m, 3H), 2.82-2.88 (t, 1H), 
3.17-3.24 (t, 1H), 3.42-3.46 (m, 2H), 3.81-3.84 (d. 1H), 4.24 
4.28 (d. 2H), 4.41-4.43 (t, 1H). 
(0198 m/z (relative intensity,%): 226 M+1". 

Step-2: 2-(1-(2.2.2-Trifluoroacetyl)piperidin-4-yl) 
ethyl trifluoromethane sulfonate (L) 

0199 2.2.2-Trifluoro-1-(4-(2-hydroxyethyl)piperidin-1- 
yl)ethanone (K) (1.8 g., 8.0 mmol), and 2.6-lutidine (1.03 g, 
9.6 mmol) were dissolved in DCM (50 mL). Triflic anhydride 
(Tf.C), 2.7g, 9.6 mmol) was added dropwise under N at -5° 
C. The reaction mixture was stirred at room temperature for 2 
h, and washed sequentially with hydrochloric acid (1 N), 
saturated NaHCO and brine. The organic layer was dried 
over anhydrous NaSO, filtered, and concentrated. The resi 
due was purified by Silica gel chromatography eluted with 
hexane-ethyl acetate (2:1 to 1:1) to give 2-(1-(2.2.2-trifluo 
roacetyl)-piperidin-4-yl)ethyl trifluoromethanesulfonate as a 
light yellow oil (2.80 g, 98%). 
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(0200 'HNMR (400 MHz, DMSO-d): 1.10-1.16 (m, 2H), 
1.61-1.81 (m, 5H), 2.83-2.89 (t, 1H), 3.18-3.25 (t, 1H), 3.81 
3.85 (d. 1H), 4.25-4.33 (m, 3H). 

Step-3: 42-O-2.2.2-Trifluoro-1-(4-(2-hydroxyethyl) 
piperidin-1-yl)ethylrapamycin (M) 

0201 To a solution of rapamycin (500 mg. 0.55 mmol) and 
2.6-lutidine (250 mg, 2.5 mmol) in toluene (5 mL) at room 
temperature under nitrogen was added 2-(1-(2.2.2-trifluoro 
acetyl)piperidin-4-yl)ethyl trifluoromethanesulfonate (0.78 
g, 2.2 mmol). The reaction mixture was stirred at room tem 
perature for 30 min, 0° C. for 2 h, then concentrated. The 
crude product was purified by Silica gel chromatography 
eluted with hexane-ethyl acetate (1:1 to 1:2) to give the title 
compound as a light yellow solid (350 mg, 45%). 
(0202 m/z (relative intensity, %): 1119 M-1", 1143 
M+Na". 

Step-4. 42-O-(1-(4-(2-Hydroxyethyl)piperidin-1-yl) 
ethyl rapamycin 

0203. A mixture of 42-O-2.2.2-trifluoro-1-(4-(2-hy 
droxyethyl) piperidin-1-yl) ethyl rapamycin (M) (50 mg. 
0.045 mmol) and KCO (16 mg, 0.12 mmol) in MeCH (1.5 
mL) and H2O (0.25 mL) was stirred at room temperature for 
30 min and extracted with ethylacetate. The organic layer was 
washed with NHCl solution and brine, dried over MgSO, 
and concentrated. The crude product was purified by silica gel 
chromatography gave the title compound as a white Solid (20 
mg, 44%). 
0204 H NMR (400 MHz, CDC1) & 1.0-2.02 (m, 2H). 
(0205 m/z (relative intensity,%): 1026 M+1" (100). 
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Example 10 
42-O-3-(4-Methoxycarbonyl-piperidin-1-yl)propyl 

rapamycin 

0206 

I rapamycin 
He 

Step-1 N-1N1 

HCOOC 
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HCOOC 

Step-1: 42-O-3-Iodopropyl-rapamycin (N) 
0207 To a solution of rapamycin (0.5 g., 0.55 mmol) in 
dichloromethane (2 mL) was added Hunig's base (N,N-diiso 
propylethylamine, 4.93 mL, 28.4 mmol) and 3-iodopropyl 
trifluoromethanesulfonate (1.35 g, 4.36 mmol) sequentially. 
The reaction mixture was heated to 60° C., stirred for 1.5 h, 
and diluted with ethyl acetate (50 mL). The organic layer was 
washed with 1 Naqueous HCl (50 mL), water (50 mL), and 
brine (40 mL), dried over anhydrous sodium sulfate, and 
concentrated. The residue was purified by silica gel chroma 
tography eluted with ethyl acetate-hexane (2:3) to afford the 
intermediate N (0.34g, 58%). 

Example 10 

Step-2: 42-O-3-(4-Methoxycarbonyl-piperidin-1-yl) 
propyl-rapamycin 

0208. To the solution of N in dichloromethane (2 mL) was 
added Hunig's base (0.35 mL, 2.0 mmol) and methyl piperi 
dine-4-carboxylate (100 mg, 0.1 mmol) sequentially. The 
reaction mixture was stirred at room temperature and diluted 
with ethyl acetate (50 mL). The organic layer was washed 
with water and brine, dried over anhydrous sodium sulfate, 
and concentrated. The residue was purified by silica gel chro 
matography eluted with ethyl acetate-methanol-triethy 
lamine (8:1:1) to afford the title compound (98 mg, 97%). 
(0209 m/z (relative intensity,%): 1096 M-1 (100) 

  



US 2011/0098241 A1 

Example 11 
42-O-Trimethylsilyl-methyl-rapamycin 

0210 

N-no -- N~ 
Step-1 

OTf + 

Step-1: (Trimethylsilyl)methyl 
trifluoromethanesulfonate (O) 

0211 To a solution of (trimethylsilyl)methanol (4.26 g. 
40.88 mmol) in dichloromethane (DCM) (80 ml) was added 
a solution of triflic anhydride (Tf.C. 17.3 g, 61.32 mmol) in 
DCM (80 ml) at 0°C. The reaction mixture was stirred over 
night while the temperature was maintained at 0°C. in a bath 
of ice-salt, washed four times with brine (80 ml), extracted 
one time with DCM (80 mL). The organic layers was dried 
over anhydrous MgSO and concentrated. The residue was 
purified by distillation (fraction boiling at 80°C.) to give 0 
(6.2g, 64%) as a colorless liquid. 
0212 H NMR (400 MHz, CDC1) & 0.18 (9H, s), 4.25 
(2H, s). 

Step-2: 42-O-Trimethylsilyl-methyl-rapamycin 
0213 To a solution of rapamycin (800 mg. 0.88 mmol) 
was added 2,6-di-tert-butyl-4-methylpyridine (2.69 g, 13.1 

Apr. 28, 2011 

mmol) in toluene (10 ml) and O (3.05 g, 12.9 mmol) sequen 
tially at room temperature. The reaction mixture was warmed 
up, stifled at 60° C. for 2 h, and concentrated. The residue was 
purified by silica gel chromatography eluted with EtOAc 

Example 11 

petroleum ether (1:1) to afford the title compound (67 mg, 
7%) as a white solid. "H NMR (400 MHz, CDC1) & 1.22-1.42 
(m, 5H), 0.01 (s, 9H). 
0214 m/z (relative intensity,%): 1023 M+Na" (100) 

Example 12 

42-O-2-(Trimethylsilan-methoxy)-ethyl-rapamycin 

0215 

1-N-OH HO N^o -- 
Step-1 
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-continued 

OH Tf,O N 1. O1N1 2 
Step-2 

P 

N 1n 1-N-OTf rapamycin Si O Her 
Step-3 

Example 12 

Step-1: 2-(Trimethylsilyl)methoxyethanol (P) 

0216) To ethane-1,2-diol (20 ml) was added (trimethylsi 
lyl)methyl trifluoromethanesulfonate (800 mg, 3.39 mmol) 
dropwise. The resulting solution was stirred for 2 hours at 
room temperature, extracted three times with DCM (150 ml). 
The organic layers was washed with brine (4x50 mL), dried 
over anhydrous MgSO4, and concentrated to give P (400 mg. 
80%) as a colorless liquid which was used without further 
purification. 
0217 H NMR (300 MHz, CDC1) & 3.64 (t, J=4.5 Hz, 
2H), 3.47 (m, 2H), 3.11 (s. 2H), 0.05 (s.9H) 

Step-2: 2-(Trimethylsilyl)methoxyethyl 
trifluoromethanesulfonate (Q) 

0218. To a solution of Tf,O (17 g, 60.3 mmol) in DCM 
(100 ml) was added a solution of P (6g, 40.5 mmol) in DCM 
(10 ml) dropwise at 0°C. The resulting solution was stirred at 
room temperature overnight, quenched with ice water (100 
mL). The organic layer was washed with brine (5x20 mL), 
and concentrated. The residue was purified by distillation 
under reduced pressure (20 mm Hg) and the fraction was 
collected at 60°C. to afford Q (9 g, 79%) as a colorless liquid. 
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0219 H NMR (300 MHz, CDC1) 8: 4.59 (t, J=4.5 Hz, 
2H), 3.70 (t, J=4.5 Hz, 2H), 3.16 (s. 2H), 0.05 (s, 9H). 

Step-3: 
42-O-2-(Trimethylsilylmethoxy)-ethyl-rapamycin 

0220 To the solution of rapamycin (200 mg, 0.22 mmol) 
in 1,2-dichloroethane (3 ml) was added 2,6-diisopropyl-1- 
methylpiperidine (508 mg, 2.78 mmol) and Q (780 mg, 2.78 
mmol) sequentially. The reaction mixture was warmed to 60° 
C., stirred for additional 2 h, and concentrated. The residue 
was purified by silica gel chromatography eluted with ethyl 
acetate-petroleum ether (1:1) to afford the title compound (58 
mg, 24%) as a white Solid. 
0221) "H NMR (300 MHz, CDC1): 8 6.14-6.38 (m, 3H, 
vinyl), 4.81 (s, 1H, OH), 1.12-142 (m, 5H), 0.01 (s, 6H), 0.04 
(s, 3H). 
0222 
0223 

m/z (relative intensity,%): 1067 M+Na" (100%) 
The following compounds were prepared using the 

same protocol for Example 12. 
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Example 13 
42-O-2-(4-(2-Hydroxyethyl)piperidin-1-yl)acetyl 

rapamycin 

0224 

O, -> 
O 

HO 

0225. The title compound was prepared using the same 
procedure as Example 7. Substituting 4-(hydroxyethyl)pip 
eridine hydrochloride as reagent. 
0226 H NMR (400 MHz, DMSO-d) & 5.75 (s, 1H, OH) 
0227 m/z (relative intensity,%): 1082 IM-1 (75) 

Example 14 

42-O-2-(Bis(2-hydroxyethyl)amino)acetyl-rapamy 
cin 

0228 

r ~. O 
O 

HO 

0229. The title compound was prepared using the same 
procedure as Example 7, substituting bis(hydroxyethyl) 
amine as reagent. 
0230 "H NMR (400 MHz, CDC1,) & 2.58-2.78 (m, 6H), 
3.38-3.48 (m, 6H). 
0231 m/z (relative intensity,%): 1058 M-1 (78) 

Apr. 28, 2011 

Example 15 

42-O-(2-Hydroxypiperidincarbonyl)-rapamycin 

0232 

0233. The title compound was prepared using the same 
procedure as Example 6, except Substituting 4-hydroxypip 
eridine as the reagent. 
0234) "H NMR (400 MHz, CDC1,) & 4.80 (s, 1H, OH), 
4.30-4.55 (m, 4H). 
0235 m/z (relative intensity,%): 1039 M-1 (100) 
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Example 16 

42-O-(2-Morpholinoethylaminocarbonyl)-rapamycin 

0236 

0237. The title compound was prepared using the same 
procedure as Example 6, except Substituting morpholinyl 
ethylamine as the reagent. 
0238 H NMR (400 MHz, CDC1) & 2.45-2.49 (m, 6H), 
3.66-3.74 (m, 6H). 
0239 m/z (relative intensity,%): 1069 M-1 (100) 

Example 17 

42-O-3-(Morpholinosulfonyl)propyl-rapamycin 

0240 

HN O 

1n 1a (COCI)2 \ / Br SO3Na --> 
Step-1 Et3N 

Step-1 

r ~-N-1 at Br \ Step-3 
/ \, 
R 

r 
1N1 S1 Nu Tf2O HO 7\ Step-4 

/ O 
S 

r - Rapamycin N He 

1N1 Ss1 2,6-lutidine 
/ \, Step-5 
S 
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-continued 

Example 17 

Step-1 to Step-3: 3-(Morpholinosulfonyl)propyl 
trifluoromethanesulfonate (S) 

0241. To a suspension of sodium 3-bromopropane-1-sul 
fonate (2.26 g, 10 mmol) and DMF (4 drops) in THF 
CHCl (1:1, 20 mL) was slowly added oxalyl chloride (2 mL, 
15 mmol) at 0°C. After addition, the reaction mixture was 
filtered. The filtrate was concentrated to give crude bro 
moalkylsulfonyl chloride which was dissolved in CHCl (20 
mL). To this reaction solution was added the solution of 
morpholine (1.5 mL, 24 mmol) and triethylamine (3 mL, 40 
mmol) in CHCl (10 mL) at 0°C. The reaction mixture was 
stirred for 3 hand filtered. The filtrate was washed with dilute 
hydrochloride acid twice, dried over NaSO, and concen 
trated to afford crude 4-(3-bromopropylsulfonyl)morpholine 
(R) which was dissolved in THF (10 mL). Aqueous NaOH 
(0.12g, 30 mL) solution was added in the above solution. The 
mixture was stirred for 5 hat 90°C., cooled to room tempera 
ture, and extracted with ethyl acetate. The organic layer was 
washed with water, dried over anhydrous NaSO, and con 
centrated. The residue was purified by silica gel chromatog 
raphy eluted with ethyl acetate-petroleum ether (3:1) to 
obtain 4-(3-bromopropylsulfonyl)morpholine as white solid 
(S) (0.09 g, 30%). 

Step-4 and Step-5: 
42-O-3-(Morpholinosulfonyl)propyl-rapamycin 

0242 To the solution of 2.6-lutidine (1.4 mL, 12 mmol) 
and 4-(3-hydroxypropylsulfonyl)morpholine (1.28 g. 6 
mmol) in anhydrous CHCl (20 mL) was added the solution 
of trifluoromethanesulfonic anhydride (1.1 mL, 6 mmol) in 
anhydrous CHCl (10 mL) dropwise at -78° C. under N 
atmosphere. Upon addition, the reaction mixture was warmed 
to -20°C., stirred for 1 h, and cooled back to -78°C. To the 
above reaction system was added rapamycin (2.7g, 3 mmol). 
The resultant mixture was warmed to room temperature, 
stirred overnight, diluted with NaCO aqueous solution 
(10%, 30 mL), and exacted with CHCl (20 mL). The 
organic layer was washed with brine (20 mL), dried over 
anhydrous NaSO and concentrated. The residue was puri 
fied by Silica gel chromatography eluted with ethyl acetate 
methanol (20:1) to afford the title compound as a white solid 
(0.21 g, 10%). 
0243 H NMR (400 MHz, CDC1,) & 3.27-3.28 (m, 5H), 
3.72-3.78 (m. 10H), 4.76 (s, 1H), 5.15-5.50 (m, 4H), 5.94-6. 
38 (m, 4H). 
0244 m/z (relative intensity,%): 1106 M+1" (100). 
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0245. The following examples were prepared according to 
the methods outlined herein: 
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-continued 
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-continued 
HO 
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-continued 

HO O H H 
wN N O, 
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-continued 
O, D-n 1n-'. 

HO 

Example 18 

mTOR Assay Screening Protocol 

0246 Kit: Calbiochem Cat. No. CBA055: K-LISA mTOR 
Activity Kit 

Preparation of Reagents 
0247 The following table provides reagent preparation 
instructions to obtain the volume of Working Solutions (WS) 
required for 10 wells. Volumes can be scaled to process more 
samples and provide overage for pipetting error. 
Reagent Volume (per 10-well strip) Composition: 
mTOR Substrate WS: 1 ml 
Dilution factor: 1:400 

997.5 ul TBS 

0248 2.5 ul mTOR Substrate 

2x Kinase Assay Buffer WS: 500 ul 

500 ul 2x Kinase Assay Buffer 

0249 5ul ATP solution 

10 ul 100 mM DTT 
(0250 Antip70S6K-T389 WS: 1 ml 
Dilution factor: 1:1000 

999 ul Antibody Diluent 
1 ul Anti-p70S6K-T389 

HRP-Antibody Conjugate WS: 1 ml 

0251 Dilution factor: 1:400 

997.5ul Antibody Diluent 
2.5ul HRP-Antibody Conjugate 

Plate Wash (1X): 20 ml 
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0252) Dilution factor: 1:10 
9 ml dEI2O 

1 ml 10x Plate Wash Concentrate 

(0253 FKBP12: Sigma F5398 FK-Binding Proteinhuman, 
recombinant, expressed in Escherichia coli 

Detailed Protocol 

(0254 A. Protocol for mTORKinase Activity and Inhibitor 
Screening: 
1. Remove the required number of strips from the Glu 
tathione-Coated 96-Well Plate and place them in the 96-well 
frame. 

2. Add 100 ul mTOR Substrate WS to each well and incubate 
for 1 h at room temperature. 
3. When performing inhibitor screening/testing, pre-incubate 
50 ul mTOR Standard (from step 2) with test inhibitor or 
wortmannin in a separate tube on ice for 20 min (for example 
50 ul mTOR Standard with 1 ul Woltmannin, 50x). This 
pre-incubation can be carried out during the incubation in 
step 2. 

0255 For inhibitor testing: weigh out inhibitor and 
resuspend in DMSO to a concentration of 5 mM prior to 
addition to assay 

0256 Test concentrations for inhibitors in assay ranged 
from 10 uM-0.0048 uM (final concentrations) 

0257. Inhibitor reaction contained: mTOR Standard, 
inhibitor (at indicated concentration) and FKBP12 (at 
35-37 ug/ml) 

0258 Dilutions of inhibitors made in TBS 
0259 Controls for assay include: mTOR Standard only, 
mTOR Substrate only (blank), FKBP12+mTOR Stan 
dard (no inhibitor), inhibitor compound+mTOR Stan 
dard (no FKBP12), 

4. Aspirate contents of the wells and wash each well of the 
Glutathione-Coated 96-Well Plate with 200 ul TBS. Empty 
the contents of the wells into the sink and dry the wells by 
tapping the inverted plate on paper towels. Repeat for a total 
of 3 washes. 
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5. Add the following components to each well in the specified 
order: 
0260 mTOR Standard or mTOR Sample (diluted to 
assay range with phosphate-free buffer or water): 50 ul 

2x Kinase Assay Buffer WS: 50 ul 
Total=100 ul 
0261 
inhibitor 
6. Cover the plate with the Plate Sealer, mix with a plate 
shaker or equivalent for 30 seconds, and incubate for 30 
minutes at 30° C. 
7. Stop the kinase reaction by adding 10 ul Kinase Stop 
Solution to each well. (Reaction may also be stopped simply 
by discarding the contents of the wells). 
8. Aspirate the contents of each well and wash with 200 ul 
Plate Wash (1x). Gently agitate the plate using a plate shaker 
or equivalent for 5 min. Empty the contents of the wells into 
the sink and dry the wells by tapping the inverted plate on 
paper towels. Wash the plate 2 more times without shaking the 
plate. 
9. Add 100 ul Anti-p70S6K-T389 WS to each well, cover the 
plate with the Plate Sealer, and incubate 1 hat room tempera 
ture. 

10. Wash the plate 4 times as outlined in step 8 without 
shaking the plate. 
11. Add 100 ul HRP-Antibody Conjugate WS to each well, 
cover the plate with the Plate Sealer, and incubate 1 hat room 
temperature. 
12. Wash the plate as outlined in step 10. 
13. Add 100 ul TMB Substrate to each well, cover the plate 
with the Plate Sealer, and incubate 5-20 minat room tempera 
ture. 

14. Add 100 pd ELISA Stop Solution to each well and read the 
absorbance at 450 nm, preferably with a reference wave 
length set at 595 nm. 
15. Analyze data using Microsoft Excel and GraphPad Prism 
software. 
0262 All exemplary compounds as shown below were 
found to have ICso values of less than 5uM, many having ICso 
values of less than 1 uM, some of less than 0.1 uM. 

*Pre-incubated with inhibitor in step 3 or without 

TABLE 1. 

IC50 values of exemplary compounds 

Examples IC50, IM 

Example 1 O.O1 
Example 2 O.O3 
Example 3 O.11 
Example 4 O.O1 
Example 5 O.OO1 
Example 6 2.5 
Example 7 O.17 
Example 8 O.O7 
Example 11 2.3 
Example 12 O.O3 
Example 13 O.O7 
Example 14 O.24 
Example 15 O.21 
Example 16 O.3 
Example 17 O.14 

0263 All publications, patents and patent applications are 
incorporated herein by reference. While in the foregoing 
specification this invention has been described in relation to 
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certain preferred embodiments thereof, and many details 
have been set forth for purposes of illustration, it will be 
apparent to those skilled in the art that the invention is Sus 
ceptible to additional embodiments and that certain of the 
details described herein may be varied considerably without 
departing from the basic principles of the invention. 

1. A compound of formula (I): 

(I) 
ZO, 

wherein Z comprises 
(a) –C(O)NHS(O)N(R')(R), wherein R' and R are 

each independently H, alkyl, hydroxyalkyl, aminoalkyl, 
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein 
any heterocyclyl independently comprises 1-3 heteroa 
toms comprising O, S, S(O), S(O), or N; or, R' and R' 
together with a nitrogen atom to which they are bonded 
form a heterocycle ring which contains 0-3 additional 
heteroatoms comprising O, S, S(O), S(O), or N. 
wherein any alkyl, hydroxyalkyl, aminoalkyl, aryl, het 
eroaryl, heterocyclyl, or heterocycle ring formed by R' 
and R together with a nitrogen atom is optionally inde 
pendently mono- or pluri-substituted with alkyl, 
hydroxyalkyl, aminoalkyl, halogen, Oxo, OR, 
NHCONRR, NRR, COR, COOR, OC(O)R, 
CONRR, OC(O)NR'R, N(R)C(O)R, S(O).R., 
S(O).OR, OP(=O)(OR)(OR), OP(=O)(OR) 
NRR, or P(OR)(NRR), or, when pluri-substituted, 
any combination thereof; 

R independently at each occurrence is H, alkyl, 
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein 
any R except hydrogen is optionally independently 
mono- or pluri-substituted with alkyl, hydroxyalkyl, 
aminoalkyl, halogen, oxo, OR, NHCONRR, NRR, 
COR, COOR, OC(O)R, CONRR, OC(O)NR'R', 
N(R)C(O)R, S(O).R, S(O), OR, OP(=O)(OR) 
(OR), OP(=O)(OR)NR'R', or P(OR)(NRR), or, 
when pluri-substituted, any combination thereof, and 

R" and R independently at each occurrence is H. alkyl, 
hydroxyalkyl, aminoalkyl, cycloalkyl, heterocyclyl, 
aryl, or heteroaryl; or RandR together with a nitrogen 
atom to which they are bonded comprises a saturated 5-, 
6-, or 7-membered heterocyclic ring optionally compris 
ing 0-3 additional heteroatoms comprising N, S S(O), 
S(O) or O; wherein any alkyl, hydroxyalkyl, ami 
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noalkyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl, or 
heterocyclic ring formed by R and R together with a 
nitrogen atom, is optionally independently mono- or 
pluri-substituted with alkyl, hydroxyalkyl, aminoalkyl, 
halogen, oxo, OR, NHCONRR, NRR, COR, 
COOR, OC(O)R, CONRR, OC(O)NR'R, N(R)C 
(O)R, S(O).R., S(O),OR, OP(=O)(OR)(OR), 
OP(=O)(OR)NR'R'', or P(OR)(NRR), or, when 
pluri-Substituted, any combination thereof; 

O 

(b) A-W CH (CH, O), (CH(R)), , wherein 
R is independently at each occurrence H or OR; 
m and n are each independently 0 to about 4. 
W is a bond, C(O), C(O)C(O), S(O), S(O), P(O)OR, or 
P(O)NR'R; 

A comprises a Saturated or unsaturated 5-, 6-, or 7-mem 
bered heterocycle containing one or more of N, O, S, 
S(O) or S(O), wherein A is optionally independently 
mono- or pluri-substituted with alkyl, hydroxyalkyl, 
aminoalkyl, halogen, oxo, OR, NHCONRR, NRR, 
COR, COOR, OC(O)R, CONRR, OC(O)NR'R', 
N(R)C(O)R, S(O).R, S(O), OR, OP(=O)(OR) 
(OR), OP(=O)(OR)NR'R'', or P(OR)(NRR), or, 
when pluri-Substituted, any combination thereof, and 
wherein A is bonded in any chemically feasible manner 
to CH: 

R independently at each occurrence is H, alkyl, 
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein 
any R except hydrogen is optionally independently 
mono- or pluri-substituted with alkyl, hydroxyalkyl, 
aminoalkyl, halogen, oxo, OR, NHCONRR, NRR, 
COR, COOR, OC(O)R, CONRR, OC(O)NR'R', 
N(R)C(O)R, S(O).R., S(O).OR, OP(=O)(OR) 
(OR), OP(=O)(OR)NR'R'', or P(OR)(NRR), or, 
when pluri-substituted, any combination thereof, and 

R and R independently at each occurrence is H, alkyl, 
hydroxyalkyl, aminoalkyl, cycloalkyl, heterocyclyl, 
aryl, or heteroaryl; or R and Rs together with a nitrogen 
atom to which they are bonded comprises a Saturated 5-, 
6- or 7-membered heterocyclic ring comprising one or 
more of heteroatoms comprising N. S.S(O), S(O) or O; 
wherein any alkyl, hydroxyalkyl, aminoalkyl, alkylami 
noalkyl, or aryl, or heterocyclic ring comprising R* and 
R together, is optionally independently mono- or pluri 
substituted with alkyl, hydroxyalkyl, aminoalkyl, halo 
gen, oxo, OR, NHCONRR, NRR, COR, COOR, 
OC(O)R, CONRR, OC(O)NR'R, N(R)C(O)R, 
S(O).R., S(O), OR, OP(=O)(OR)(OR), OP(=O) 
(OR)NR'R', or P(OR)(NRR), or, when pluri-substi 
tuted, any combination thereof; 

O 

(c) X-(CH), YC(=O)(CH) , wherein 
m and n are each independently 0 to about 2: 
Y is NR'', O, S, or a bond; 
X comprises OR'', or NR'R'', wherein 
R'' is H. alkyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl, 

wherein any R'' except hydrogen is optionally indepen 
dently mono- or pluri-substituted with alkyl, hydroxy 
alkyl, aminoalkyl, halogen, oxo, OR, NHCONR'R'', 
NR'R's, COR1, COOR 13, OC(O)R, CONR'R's, 
OC(O)NR'R'', N(R')C(O)R', S(O).R', S(O) 
OR', OP(=O)(OR')(OR), OP(=O)(OR') 
NR'R'', or P(OR)(NR'R''), or, when pluri-substi 
tuted, any combination thereof; 
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R' independently at each occurrence is H, alkyl, 
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein 
any R' except hydrogen is optionally independently 
mono- or pluri-substituted with alkyl, hydroxyalkyl, 
aminoalkyl, halogen, oxo, OR, NHCONR'R'', 
NR'R's, COR3, COOR 13, OC(O)R, CONR R5, 
OC(O)NR'R'', N(R')C(O)R', S(O).R', S(O) 
OROP(=O)(OR')(OR), OP(=O)(OR) 
NR'R'', or P(OR)(NR'R''), or, when pluri-substi 
tuted, any combination thereof; 

R'' and R' independently at each occurrence is H. alkyl, 
hydroxyalkyl, aminoalkyl, cycloalkyl, heterocyclyl, 
aryl, or heteroaryl; or R'' and R' together with a nitro 
genatom to which they are bonded comprises a saturated 
5-, 6- or 7-membered heterocyclic ring optionally com 
prising one or more additional heteroatoms comprising 
N, S S(O), S(O) or O; wherein any alkyl, hydroxyalkyl, 
aminoalkyl, alkylaminoalkyl, or aryl, or heterocyclic 
ring comprising R'' and R' together with a nitrogen 
atom is optionally independently mono- or pluri-Substi 
tuted with alkyl, hydroxyalkyl, aminoalkyl, halogen, 
oxo, OR, NHCONR'R'', COR, COOR, OC(O) 
R1, CONR'R's, OC(O)NR'R's, N(R')C(O)R3, 
S(O).R', S(O),OR', OP(=O)(OR')(OR), 
OP(O)(OR3)NR'R'', or P(OR)(NR'R'', or, 
when pluri-substituted, any combination thereof; 

O 

(d) X-A'-(CH), Yi Si(R)(R)(R) 
wherein X comprises ((CHR): 
R’ is independently at each occurrence H, alkyl, hydroxyl, 

alkoxyl, or amino; 
m and n are independently 0 to about 3: 
Y' is a bond, O(CH), NR''(CH), or S(CH), wherein r 

is 0 to about 3: 
A' is a bond, O, NR'', S, cycloalkyl, or heterocyclyl; 
R’, R’ and R are each independently alkyl, hydroxy 

alkyl, aminoalkyl, alkoxy, cycloalkyl, heterocyclyl, aryl, 
or heteroaryl; 

wherein any alkyl, cycloalkyl, heterocyclyl alkoxy, aryl, 
or heteroaryl is optionally independently mono- or pluri 
substituted with alkyl, hydroxyalkyl, aminoalkyl, halo 
gen, OXO, OR, NHCONR'R's, NR'R's, COR3, 
COOR, OC(O)R, CONR'R'', OC(O)NR'R'', 
N(R')C(O)R', S(O).R', S(O).ORT, OP(=O) 
(OR')(OR), OPG O)(OR)NR'R'', or P(OR) 
(NR'R''), or, when pluri-substituted, any combination 
thereof; 

R" independently at each occurrence is H, alkyl, 
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein 
any R' except hydrogen is optionally independently 
mono- or pluri-substituted with alkyl, hydroxyalkyl, 
aminoalkyl, halogen, oxo, OR, NHCONR'R'', 
NR'R's, COR3, COOR 13, OC(O)R, CONR R5, 
OC(O)NR'R'', N(R')C(O)R', S(O).R', S(O) 
OR OP(=O)(OR)(OR), OP(=O)(OR) 
NR'R'', or P(OR)(NR'R''), or, when pluri-substi 
tuted, any combination thereof; 

R'' and R' independently at each occurrence is H. alkyl, 
hydroxyalkyl, aminoalkyl, cycloalkyl, heterocyclyl, 
aryl, or heteroaryl; or R'' and R' together with a nitro 
genatom to which they are bonded comprises a saturated 
5-, 6- or 7-membered heterocyclic ring optionally com 
prising one or more additional heteroatoms comprising 
N, S S(O), S(O) or O; wherein any alkyl, hydroxyalkyl, 
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aminoalkyl, alkylaminoalkyl, or aryl, or heterocyclic 
ring comprising R'' and R' together with a nitrogen 
atom is optionally independently mono- or pluri-Substi 
tuted with alkyl, hydroxyalkyl, aminoalkyl, halogen, 
oxo, OR, NHCONR'R's, COR, COOR1, OC(O) 
R, CONR'R's, OC(O)NR'R's, N(R')C(O)R, 
S(O).R', S(O),OR' OP(=O)(OR')(OR), 
OP(O)(OR)NR'R'', or P(OR)(NR'R') or, 
when pluri-substituted, any combination thereof. 

2. The compound of claim 1 wherein Z comprises —C(O) 
NHS(O)N(R')(R), wherein R and Rare each indepen 
dently H, alkyl, hydroxyalkyl, aminoalkyl, cycloalkyl, het 
erocyclyl, aryl, or heteroaryl, wherein any heterocyclyl 
independently comprises 1-3 heteroatoms comprising O, S, 
S(O), S(O), or N; or, RandR together with a nitrogenatom 
to which they are bonded form a heterocycle ring which 
contains 0-3 additional heteroatoms comprising O, S, S(O), 
S(O), or N, wherein any alkyl, hydroxyalkyl, aminoalkyl, 
aryl, heteroaryl, heterocyclyl, or heterocycle ring formed by 
R" and R together with a nitrogen atom is optionally inde 
pendently mono- or pluri-substituted with alkyl, hydroxy 
alkyl, aminoalkyl, halogen, oxo, OR, NHCONRR, 
NRR, COR, COOR, OC(O)R, CONRR, OC(O) 
NRR, N(R)C(O)R, S(O).R., S(O).OR, OP(=O)(OR) 
(OR), OP(=O)(OR)NR'R', or P(OR)(NRR), or, when 
pluri-Substituted, any combination thereof; 
R independently at each occurrence is H, alkyl, 

cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein 
any R except hydrogen is optionally independently 
mono- or pluri-substituted with alkyl, hydroxyalkyl, 
aminoalkyl, halogen, oxo, OR, NHCONRR, NRR, 
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COR, COOR, OC(O)R, CONRR, OC(O)NR'R, 
N(R)C(O)R, S(O).R, S(O), OR, OP(=O)(OR) 
(OR), OP(=O)(OR)NR'R'', or P(OR)(NRR), or, 
when pluri-substituted, any combination thereof, and 

R" and R independently at each occurrence is H, alkyl, 
hydroxyalkyl, aminoalkyl, cycloalkyl, heterocyclyl, 
aryl, or heteroaryl; or RandR together with a nitrogen 
atom to which they are bonded comprises a saturated 5-, 
6-, or 7-membered heterocyclic ring optionally compris 
ing 0-3 additional heteroatoms comprising N, S S(O), 
S(O) or O; wherein any alkyl, hydroxyalkyl, ami 
noalkyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl, or 
heterocyclic ring formed by R and R together with a 
nitrogen atom, is optionally independently mono- or 
pluri-substituted with alkyl, hydroxyalkyl, aminoalkyl, 
halogen, oxo, OR, NHCONRR, NRR, COR, 
COOR, OC(O)R, CONRR, OC(O)NR'R, N(R)C 
(O)R, S(O).R., S(O),OR, OP(=O)(OR)(OR), 
OP(=O)(OR)NR'R'', or P(OR)(NRR), or, when 
pluri-Substituted, any combination thereof. 

3. The compound of claim 2, wherein R' and R together 
with the nitrogenatom to which they are bonded comprises a 
heterocyclyl. 

4. The compound of claim 2 wherein R' is H. 
5. The compound of claim 4 wherein R is 2,3-dihydroxy 

lpropyl, carboxymethyl, Substituted or unsubstituted phenyl, 
glycosyl, or a substituted or unsubstituted tetrahydrofuranyl 
group. 

6. The compound of claim 2 wherein R' and Rare each 
independently methyl or hydroxyethyl. 

7. The compound of claim 2, wherein the compound of 
formula (I) comprises 
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or any pharmaceutically acceptable salt thereof. 
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8. The compound of claim 1 wherein Z comprises A-W- 
CH (CH-O) (CH(R)), , wherein 
R is independently at each occurrence H or OR; 
m and n are each independently 0 to about 4. 
W is a bond, C(O), C(O)C(O), S(O), S(O), P(O)OR, or 
P(O)NR'R; 

A comprises a saturated or unsaturated 5-, 6-, or 7-mem 
bered heterocyclyl containing one or more of N, O, S, 
S(O) or S(O), wherein A is optionally independently 
mono- or pluri-substituted with alkyl, hydroxyalkyl, 
aminoalkyl, halogen, oxo, OR, NHCONR'R''. NR'R''. 
COR, COOR, OC(O)R, CONRR, OC(O)NR'R'', 
N(R)C(O)R, S(O).R., S(O).OR, OP(=O)(OR) 
(OR), OP(=O)(OR)NR'R'', or P(OR)(NRR), or, 
when pluri-substituted, any combination thereof; and 
wherein A is bonded in any chemically feasible manner 
to CH: 

R independently at each occurrence is H, alkyl, 
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein 
any R except hydrogen is optionally independently 
mono- or pluri-substituted with alkyl, hydroxyalkyl, 
aminoalkyl, halogen, oxo, OR, NHCONRR, NRR, 
COR, COOR, OC(O)R, CONRR, OC(O)NR'R'', 
N(R)C(O)R, S(O).R., S(O),OR, OP(=O)(OR) 
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(OR), OP(=O)(OR)NR'R'', or P(OR)(NRR), or, 
when pluri-substituted, any combination thereof; and 

R" and R independently at each occurrence is H. alkyl, 
hydroxyalkyl, aminoalkyl, cycloalkyl, heterocyclyl, 
aryl, or heteroaryl; or RandR together with a nitrogen 
atom to which they are bonded comprises a saturated 5-. 
6- or 7-membered heterocyclic ring comprising one or 
more of heteroatoms comprising N. S.S(O), S(O) or O: 
wherein any alkyl, hydroxyalkyl, aminoalkyl, alkylami 
noalkyl, or aryl, or heterocyclic ring comprising R and 
R together, is optionally independently mono- or pluri 
substituted with alkyl, hydroxyalkyl, aminoalkyl, halo 
gen, oxo, OR, NHCONRR, NRR, COR, COOR, 
OC(O)R, CONRR, OC(O)NR'R, N(R)C(O)R, 
S(O).R, S(O).OR, OP(=O)(OR)(OR), OP(=O) 
(OR)NR'R'', or P(OR)(NRR), or, when pluri-substi 
tuted, any combination thereof. 

9. The compound of claim 8 wherein R is Hand, m is 0, and 
n is 1 or 2. 

10. The compound of claim 8 wherein A is a bond or is SO. 
11. The compound of claim 8 wherein W is piperidinyl or 

morpholinyl. 
12. The compound of claim8, wherein in the compound of 

formula (I) comprises 
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aryl, or heteroaryl; or R'' and R' together with a nitro 
genatom to which they are bonded comprises a saturated 
5-, 6- or 7-membered heterocyclic ring optionally com 
prising one or more additional heteroatoms comprising 
N.S.S(O), S(O) or O; wherein any alkyl, hydroxyalkyl, 
aminoalkyl, alkylaminoalkyl, or aryl, or heterocyclic 
ring comprising R'' and R' together with a nitrogen 
atom is optionally independently mono- or pluri-Substi 
tuted with alkyl, hydroxyalkyl, aminoalkyl, halogen, 
oxo, OR, NHCONR'R'', COR, COOR, OC(O) 
R1, CONR'R's, OC(O)NR'R's, N(R')C(O)R3, 
S(O).R'S(O),OR', OP(=O)(OR')(OR), 
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OP(O)(OR')NR'R'', or P(OR)(NR'R') or, 
when pluri-substituted, any combination thereof. 

14. The compound of claim 13 wherein n is 0. 
15. The compound of claim 13 wherein Y is NH or absent. 
16. The compound of claim 13 wherein m is 1 or 2. 
17. The compound of claim 13 wherein X comprises 

NR 14R 15. 
18. The compound of claim 17 wherein NR'R' com 

prises a Substituted or unsubstituted heterocyclic ring, or 
wherein R'' and R', or both, are independently hydroxy 
ethyl. 

19. The compound of claim 13, wherein in the compound 
of formula (I) comprises 
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or any pharmaceutically acceptable salt thereof. 
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20. The compound of claim 1, wherein Z comprises 
X-A'-(CH), Yi Si(R)(R)(R) 
wherein X comprises ((CHR): 
R’ is independently at each occurrence H, alkyl, hydroxyl, 

alkoxyl, or amino; 
m and n are independently 0 to about 3: 
Y' is a bond, O(CH), NR(CH), or S(CH), wherein r 

is 0 to about 3: 
A' is a bond, O, NR'', S, cycloalkyl, or heterocyclyl; 
provided that when A and Y are each a bond, and n is 0, a 

single bond exists between X and Si(R)(R)(R): 
R, R and Rare each independently alkyl, hydroxy 

alkyl, aminoalkyl, alkoxy, cycloalkyl, heterocyclyl, aryl, 
or heteroaryl; 

wherein any alkyl, cycloalkyl, heterocyclyl alkoxy, aryl, 
or heteroaryl is optionally independently mono- or pluri 
substituted with alkyl, hydroxyalkyl, aminoalkyl, halo 
gen, OXO, OR, NHCONR'R's, NR'R's, COR3, 
COOR, OC(O)R, CONR'R'', OC(O)NR'R'', 
N(R')C(O)R', S(O).R', S(O).OR', OP(=O) 
(OR3)(OR), OPG O)(OR)NR'R'', or P(OR) 
(NR'R''), or, when pluri-substituted, any combination 
thereof; 

R' independently at each occurrence is H, alkyl, 
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein 
any R' except hydrogen is optionally independently 
mono- or pluri-substituted with alkyl, hydroxyalkyl, 
aminoalkyl, halogen, oxo, OR, NHCONR'R'', 
NR'R's, COR, COOR1, OC(O)R, CONR'R's, 
OC(O)NR'R'', N(R')C(O)R', S(O).R', S(O) 
OR', OP(=O)(OR')(OR), OP(=O)(OR') 
NR'R'', or P(OR)(NR'R''), or, when pluri-substi 
tuted, any combination thereof; 

R'' and R' independently at each occurrence is H, alkyl, 
hydroxyalkyl, aminoalkyl, cycloalkyl, heterocyclyl, 
aryl, or heteroaryl; or R'' and R' together with a nitro 
genatom to which they are bonded comprises a saturated 
5-, 6- or 7-membered heterocyclic ring optionally com 
prising one or more additional heteroatoms comprising 
N.S.S(O), S(O) or O; wherein any alkyl, hydroxyalkyl, 
aminoalkyl, alkylaminoalkyl, or aryl, or heterocyclic 
ring comprising R'' and R' together with a nitrogen 
atom is optionally independently mono- or pluri-Substi 
tuted with alkyl, hydroxyalkyl, aminoalkyl, halogen, 
oxo, OR, NHCONR'R's, NR'R's, COR3, 
COOR, OC(O)R, CONR'R's, OC(O)NR'R'', 
N(R')C(O)R', S(O).R'S(O)OR', OP(=O)(OR) 
(OR), OP(O)(OR)NR'R'', P(OR) 
(NR'R'') or, when pluri-substituted, any combination 
thereof. 

21. The compound of claim 20 wherein R, R and R' 
each independently is methyl or hydroxyethyl. 

O 

22. The compound of claim 20 wherein m is 0, A' is a bond, 
n is 2 and Y is OCH. 

23. The compound of claim 20 wherein A' is heterocyclyl. 
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24. The compound of claim 20, wherein in the compound 
of formula (I) comprises 
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with a hydroxyl-protecting group reagent, to provide a 
-continued compound of formula (III): 

(III) 

or any pharmaceutically acceptable salt thereof. 
25. A pharmaceutical composition comprising an effective 

amount of a compound of claim 1 and a pharmaceutically 
acceptable excipient. 

26. A pharmaceutical combination comprising an effective 
amount a compound of claim 1 and an effective amount of a 
second medicament. 

27. A pharmaceutical composition comprising the combi 
nation of claim 26 and a pharmaceutically acceptable excipi 
ent. 

28. A method of inhibiting the mTOR function of FKBP 
comprising contacting FKBP and an effective amount of the 
compound of claim 1. 

29. A method of treating a malcondition wherein binding of 
a ligand to FKBP or inhibition of the mTOR function of wherein Pg is a hydroxyl protecting group, then 
FKBP, or both, is medically indicated, comprising adminis- contacting the compound of formula (III) with sulfuriso 
tering the compound of claim 1, to the patient in a dose, at a - 0 
frequency of administration and for a duration of time Suffi- i.atidic chloride to provide a compound of formula 
cient to provide a beneficial effect to the patient. 

30. The method of claim 29, wherein the malcondition 
comprises cancer. 

31. The method of claim 30, wherein the cancer comprises 
a malignant solid tumor or a hematopoietic malignancy. 

32. The method of claim 30, further comprising adminis 
tering an effective amount of a known second anticancer (IV) 
medicament to the patient. O H 

33. (canceled) V-N O. 
34. A method of preparation of a compound of claim 2, 1. C1 V comprising contacting a compound of formula (II): O 6 

(II) O 
HO, 

then, contacting the compound of formula (IV) with NH(R') 
(R) to provide the compound of claim 2. 
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35. The method of claim 34 wherein the hydroxyl protect 
ing group is a silyl ether. 

36. A method of preparing a compound of claim 8 com 
prising contacting a compound of formula (II): 

(II) 
HO. 

and a compound of formula Z-Lg, wherein Lg is a leaving 
group, to provide the compound of claim 8. 

37. The method of claim 36 wherein the compound of 
formula Z X is a compound of formula Z O-Tf, wherein 
Tf signifies a triflate ester. 

38. The method of claim 36 wherein the hydroxyl protect 
ing group is a silyl ether. 

39. A method of preparing a compound of claim 13 com 
prising contacting a compound of formula (II): 

(II) 
HO. 

Apr. 28, 2011 

with a hydroxyl-protecting group reagent, to provide a 
compound of formula (III): 

(III) 
HO 

wherein Pg is a hydroxyl protecting group, then 
contacting the compound of formula (III) with a reagent of 

formula Z-phenyl-O C(=O)-Lg, wherein Z is one or 
more electron withdrawing groups disposed on phenyl 
and Lg is a leaving group, to provide a compound of 
formula (VI): 

(VI) 

wherein Z signifies the one or more electron withdrawing 
groups; then, contacting the compound of formula (VI) 
with NH(R')(R') to provide the compound of claim 
13. 

40. The method of claim 39 wherein the reagent of formula 
Z-phenyl-O C(=O)-Lg is a mononitrophenoxycarbonyl 
chloride or a dinitrophenoxycarbonyl chloride. 

41. The method of claim 39 wherein the hydroxyl protect 
ing group is a silyl ether. 
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42. A method of preparing a compound of claim 13, com 
prising contacting a compound of formula (II): 

with a hydroxyl-protecting group reagent, to provide a 
compound of formula (III): 

(III) 
HO, 
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wherein Pg is a hydroxyl protecting group, then 
contacting the compound of formula (III) with an activated 

haloacetate to provide a compound of formula (VII): 

(VII) 

wherein Z' is a halogen; 
then, contacting the compound of formula (VII) with 
NH(R')(R') to provide the compound of claim 13. 

43. The method of claim 42 wherein Z' is bromo. 
44. The method of claim 42 wherein the hydroxyl protect 

ing group is a silyl ether. 
45. A method of preparing a compound of claim 20, com 

prising contacting a compound of formula (II): 

(II) 
HO, 

and a compound of formula Lg-A'-(CH), Si(R')(R) 
(R), wherein Lg is a leaving group, to provide the 
compound of claim 20. 

46. The method of claim 45 wherein Lg is —O SOCF. 
47. The method of claim 45 wherein the hydroxyl protect 

ing group is a silyl ether. 
c c c c c 

  

  

  

  

  


